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PROBLEM  IDSNTIFICATION 

1.  This  Met  ion  dueribM  prior  and  current  voter  resource  releted 
studies  in  the  Holbrook  erne  end  presents  the  process  folloved  in 
defining  this  study's  plsnning  objectives. 

PRIOt  STUDIE8  AMD  EXPORTS 

2.  The  "Report  on  Survey,  Flood  Control,  Little  Colorado  River  end 
its  Tributsries  Upstreau  from  the  Boundary  of  the  Hevnjo  Indian 
Reservation  in  Arisona,"  completed  by  the  Los  Angeles  District  in  1940, 
recoum  ended  and  led  to  the  Congressional  authorisation  of  the 
construction  of  a  levee  along  die  right  bank  of  the  Little  Colorado 
River  at  Holbrook,  Arisona.  A  "Definite  Project  Report  on  Colorado 
River  Basin,  Little  Colorado  River  Levee,  Holbrook,  Arisona",  completed 
in  1946,  reaffirmed  the  findings  of  the  survey  report  and  led  to  the 
construction  of  the  Holbrook  levee  in  1948. 

3.  The  U.S.  Soil  ConMrvation  Service  is  currently  involved  in  a 
River  Basin  Study  of  the  Little  Colorado  River.  The  study,  undertaken 
under  the  basic  authority  of  the  Watershed  Protection  and  Flood 
Prevention  Act  of  1954,  PL  83-566,  is  evaluating  land  treatmant  and 
other  conMrvation  measures  on  the  river  watershed,  and  is  expected  to 
be  completed  in  June  of  1980.  Working  papers  on  specific  study  items 
will  be  released  before  that  data.  Although  this  study  may  suggest 
methods  of  reducing  Mdianmtation  in  the  future,  it  will  do  nothing  to 
relieve  the  current  flood  problems  at  Holbrook. 

4.  The  Federal  Insurance  Administration  is  currently  studying  the 
Holbrook  flood  plain.  A  detailed  Flood  Insurance  Rate  Map  will  be 
published  when  the  study  is  completed.  Holbrook  will  then  be  able  to 
upgrade  their  participation  in  the  National  Flood  Insurance  Program  from 
the  Rmergency  Program  to  the  Regular  Program. 

5.  Under  a  Corps  of  Engineers  contract,  the  Museum  of  Northern 
Arisona  conducted  a  cultural  resource  survey  including  identificetion  of 
significant  archeological  and  historic  resources  of  the  study  arsa.  The 
contractor  and  die  Arisona  State  Historic  Preservation  Officer 
coordinated  the  study  with  one  another. 

BASE  CONDITION 

General 

6.  Holbrook  is  located  in  northeastern  Arisons  on  the  Little 
Colorado  River  below  its  confluence  with  the  Puerco  River  (see  pi.  A-l). 
The  town  is  located  on  a  high  desert  plateau  at  about  5,000  feet  above 
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man  mi  level  and  is  about  150  air  nil  as  and  200  highway  wilas 
nortbwast  of  Phoenix,  Arisons '•  nsjor  city  and  tha  State  capital. 

7.  Holbrook  was  founded  in  1882  whan  tha  Atlantic  and  Pacific 
Kailroad  (later  purchaaod  by  tha  Santa  Pa)  built  a  bridge  oner  the 
Little  Colorado  liver  and  established  a  railroad  station.  The  town 
b  scans  a  supply  point  for  tha  amorous  ran  thus  and  trading  posts 
scattered  throughout  the  outlying  areas.  Holbrook  became  the  Havajo 
County  Seat  in  1895  and  has  since  experienced  growth  in  go  varment 
services.  After  the  completion  of  U.S.  Boute  66  through  Holbrook,  the 
town  became  a  stop-off  point  for  automobile  travelers.  Because  of  the 
proximity  of  the  Hopi  and  Havajo  Indian  Reservations,  the  Painted 
Desert,  and  the  Petrified  Forest  national  Mourn cut,  tourism  has  become  a 
ns  instay  of  the  Holbrook  economy. 

Physical  Setting 

8.  The  following  paragraphs  describe  Holbrook's  climate  as  well  as 
its  aamral,  water  and  air  resources. 

9.  CLIMATE.  Holbrook  has  a  semi  arid  or  sub-humid  climate 
characterised  by  low  rainfall,  hot  swmsers,  and  fairly  cool  winters. 
During  the  sooner  months,  daytime  temperatwree  are  usually  in  the  aid- 
90's  and  night  temperatures  ate  usually  in  the  high  SO's  and  low  60's. 
January,  the  coldest  month,  has  an  average  high  of  48  degrees  Farenheit 
and  an  average  low  temperature  of  19  degrees  Farenheit.  Holbrook 
averages  about  9  inches  of  precipitation  annually.  Within  the  drainage 
basin,  precipitation  varies  from  about  7  indies  at  Winslow  and  the  Crest 
Basin  Desert  to  40  inches  at  Raldy  Peak  in  the  White  Mountains,  the 
highest  point  in  the  drainage  area.  Afternoon  showers  and  thunderstorm 
sre  emon  in  nidstamer,  normally  the  wettest  season  in  Holbrook. 
Winter  precipitation  is  subject  to  large  annual  variations  in  both 
frequency  or  intensity.  May  and  June  are  the  driest  months. 

10.  SURFACE  MATED  HYDROLOGY.  The  Little  Colorado  River  originates 
in  tha  White  Mountains  on  the  Arisons -Mow  Mexico  border  and  flows  about 
320  miles  mot  into  the  Colorado  River.  It  is  the  principle  stream  in 
tha  region,  draining  about  27,800  square  miles  in  Arisons  and  Hew 
Mexico.  The  two  major  tributariee  in  the  study  area,  the  Puereo  River 
and  Lsroux  Wash,  drain  about  2,900  and  830  square  miles,  respectively. 
Above  Holbrook,  the  Little  Colorado  River  drains  about  11,300  equare 
miles. 


11.  Stresmf lows  in  the  Little  Colorado  River  at  Holbrook  vary 
greatly  from  month  to  month  and  from  year  to  year.  Streanflov  is 
derived  primarily  from  seasonal  storm.  Most  annual  peak  flam  occur  in 
tha  July  through  October  period.  Moot  flows  in  the  river  occur  during 
and  iamad lately  after  storm.  In  much  of  the  drainage  basin,  the  flows 
of  tha  Little  Colorado  River,  tha  Pearce  River,  and  La  rows  Wash  are 
ephemeral,  drying  up  daring  the  aemr.  The  Little  Colorado  River  at 
Holbrook  is  persmlsl.  During  certain  periods  flam  in  the  Little 
Colorado  become  subsurface  through  the  deep  alluvium  at  Hoi'  rook,  rising 


back  to  tbs  surface  near  Peneance.  The  river  receives  United  flews 
f row  irrigation  runoff,  and  to  an  unhewn  extent)  free  seepage  free  the 
Coconino  aquifer. 

12.  The  tributaries  and  wain  seen  of  the  Little  Colorado  liver  are 
largely  unregulated.  Although  about  26  daws,  with  an  eat  ins  tod 
aggregate  storage  capacity  of  wore  than  150,000  acre  feet,  are  located 
in  the  basin,  they  are  relatively  snail  projects  desigeed  for 
irrigation,  water  supply,  and  recreation  and  provide  nioinal  flood 
control.  The  6-f oot-high  Pansance  diversion  structure  is  located  about 
7  miles  dowastraan  free  Holbrook. 

13.  A  detailed  description  of  the  hydrologic  studies  conducted  for 
this  report  and  the  data  acnaulatad  and  derived  free  these  studies  is 
contained  in  Section  F  of  this  appendix. 

14.  SURFACE  MATER  QUALITY.  Dissolved  solids  in  the  waters  of  the 
Little  Colorado  River  generally  exceed  500  uilligraas  par  liter  (ug/1) 
during  aornal  flows  and  exceed  1,000  ng/1  during  snuar  lew  flews.  This 
level  of  water  quality  is  typical  for  rivers  throughout  the  dry 
southwest.  The  uineral  ecnpositiou  of  the  flew  is  predeni  neatly  caleiun 
sulfate,  which  cones  largely  free  tributaries  draining  the  arid  lands  to 
the  north  such  as  the  Puerco  River.  Tributaries  fron  tha  south  drain 
vegetated  and  forested  areas  near  the  Mogollon  tin  and  probably 
contribute  relatively  little  nlneralisation. 

15.  Sources  of  runoff  in  the  project  region  other  than  rainfall 
and  snowmelt  include  treated  sewage  discharges  at  Holbrook  and  Joseph 
City  and  untreated  agricultural  return  flows.  Although  these  discharges 
contribute  phosphate  and  nitrate  to  the  river,  the  discharges  are 
nininal  in  the  study  area  and  contribute  detectable  concentrations  only 
during  low  river  flows.  The  Cholla  Power  Plant  also  releases  soluble 
minerals  into  the  river. 

16.  GROUND  MATER.  The  Little  Colorado  River  basin  in  the  vicinity 
of  Holbrook  is  underlain  by  largo  quantities  of  ground  water.  South  of 
the  river,  ground  water  occurs  primarily  in  the  Coconino  sandstone 
bedrock}  north  of  the  river,  ground  water  is  contained  primarily  in  tha 
alluvium.  Tha  water  contained  in  the  Coconino  sandstone  aquifer,  same 
of  which  is  under  artesian  pressure,  is  of  high  quality  and  is  the 
domestic  water  supply  for  Holbrook.  This  resource  is  also  tapped  for 
other  uses,  such  as  for  cooling  water  at  the  Cholla  power  plant  and  for 
local  agriculture. 

17.  Over  the  years,  however,  ground  water  levels  have  been 
decreasing  because  of  excessive  pimping,  and  we  ear  quality  has  bean 
deteriorating.  Although  ground  water  quality  is  still  high,  this  trend 
is  expected  to  continue  into  Me  future,  and  a  lower  water  table  may 
cause  water  flowing  in  the  Little  Colorado  River  to  eater  the  depleted 
Coconino  aquifer.  Local  residents  axe  concerned  about  intseeiea  of  poor 
quality  water  from  the  ground  water  basin  north  of  the  river  lags  tha 
ground  water  basin  south  of  the  river  from  which  water  supplies  ere 
obtained. 
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IS.  AIH  QUALITY.  The  air  quality  ia  the  Holbrook  area  is 
tenoral ly  aery  good  iH  risibility  is  usually  high.  Although  no 
Tad oral.  Stats,  or  county  air-monitoring  stations  are  within  100  wiles 
of  Holbrook,  a  monitoring  prograw  was  established  in  1973  at  the  Cholla 
power  plant  About  12  wiles  west  of  Holbrook.  This  prograw  is  aiwad 
priwarily  at  datexwining  the  impact  of  the  plant  on  the  surrounding  air 
quality. 

19.  The  Cholla  Power  Plant  relies  on  pollution  control  devices  and 
atmospheric  dispersion  to  meet  the  emission  standards.  Onder  normal 
conditions  the  emissions  leave  the  550  foot  stack  and  are  blown 
generally  north-east  in  the  aproximate  direction  of  Holbrook.  Since 
1973,  monitoring  stations  operated  by  the  Arisons  Power  Plant  8ervice 
have  taken  measurements  near  Holbrook,  Woodruff,  the  Petrified  Forest 
Rational  Park,  Winslow,  and  Joseph  City.  These  indicate  that  while 
concentrations  of  nitrogen,  sulphur  and  fly  ash  may  vary  over  the  day 
and  throughout  the  year,  the  levels  are  usually  far  below  government 
standards  and  rarely  exceed  established  emission  limits.  Comparison  of 
pollution  levels  and  weather  patterns  suggests  that  sources  of 
particulate  matter  and  nitrogen-oxides  may  exist  in  the  area.  The 
highest  levels  of  particulate  matter  were  recorded  during  wind  storms 
blowing  dust  from  the  surrounding  lands.  Hitrogen-oxide  levels  were 
marginally  higher  in  cities  than  in  rural  areas,  suggesting  that 
automobiles  may  contribute  detectable  pollution  levels.  During  rare 
situations,  inversion  layers  may  set  in  which  keep  pollutants  from 
dispersing  and  may  temporarily  increase  levels  above  government 
standards.  However  these  events  are  of  short  duration  and  low 
intensity;  they  are  not  considered  to  seriously  affect  the  overall  high 
regional  air  quality. 

20.  HDI88.  Highway  and  rail  traffic  are  the  only  large  sources  of 
noise  in  Holbrook.  Highway  traffic  presently  passes  through  the  heart 
of  town  on  P.8.  66.  Upon  the  completion  of  Interstate  40,  the  principal 
through- traffic  corridor  will  be  shifted  to  the  north  edge  of  town,  and 
the  stop- and- go  traffic  of  present  conditions  will  be  replaced  to 
considerable  extent  by  faster  moving  through  traffic.  Although  the 
faster  traffic  may  produce  a  somewhat  greater  volume  of  noise,  the 
change  in  location  will  probably  result  in  a  smaller  maber  of  people 
being  affected.  The  change  in  highway  location  will  also  change  the 
area  affected  by  highway  ncise  from  a  buaineae-induatrial  area  to  a 
residential  area. 

21.  Hail  traffic  noise  in  Holbrook  esMnates  primarily  from  the 
Atchison,  Topeka  and  Santa  Fe  Hallway  mainline,  which  passes  east  to 
west  through  town  just  south  of  die  main  business  district.  Koine 
results  from  both  through  traffic  and  local  shifting  operations. 

22.  MIHIHAL  HBSODKCBS.  Coal,  which  is  probably  the  L.<t  important 
mineral  resource  found  in  northeastern  Arisons,  is  being  increasingly 
exploited  and  is  to  a  large  extent  used  in  producing  electrical  power. 
Other  minerals  mined  in  northeastern  Arisona  include  oil.  natural  gas, 
helium,  uranium,  vanadium,  bentonite,  and  sand  and  gravel.  Saall-acale 
mining  of  iron  ore  and  asbestos  is  also  conducted  in  the  Holbrook  area. 
Hone  of  these  minerals  sre  mined  or  processed  in  the  study  area. 
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Biologic  Rwukm 

23.  A  description  of  tho  vegetation,  wildlife,  and  threatened  or 
endangered  specie*  within  the  Holbrook  area  follows.  A  detailed  list  of 
species  found  in  the  area  is  available  at  the  Los  Angeles  District 
Office  of  the  Corps  of  Engineers.  Appendix  A  of  this  report,  "Public 
Views  snd  Responses,"  includes  a  U.S.  Pish  and  Wildlife  Service  letter, 
dated  14  February  1977,  identifying  habitat  in  the  area  under  study  and 
suggesting  nethods  of  niniaising  daaage  to  fish  and  wildlife  resources. 
Appendix  B,  "U.S.  Fish  and  Wildlife  Service  Draft  Coordination  Act 
Report,"  dated  12  July  1978,  provides  the  Fish  end  Wildlife  Service 
views  and  recoreendations  to  provide  full  consideration  for  fish  and 
wildlife  resources  in  project  planning,  development,  and  operation. 

24.  VEGETATION.  The  Holbrook  study  area  is  within  the  Upper 
Sonoran  Life  Zone.  The  aajor  plant  coreunities  in  the  project  study 
area  are  riparian,  shadscale  scrub,  short  grass,  and  Great  Basin  desert 
scrub.  Except  for  large  trees  and  shrubs  associated  with  the  riparian 
coreunity,  grasses  and  sene  wall  shrubs  doninate  the  study  area.  The 
vegetation,  idiich  is  sparse,  is  generally  about  1  to  3  feat  high  and  is 
characterised  by  a  United  nunber  of  species.  8alt  cedar  dominates  the 
deciduous  riparian  coreunity  along  the  channel  and  in  the  high  water 
table  portions  of  the  flood  plain.  Other  species  include  cottonwood, 
willow,  seep-weed,  sycamore,  cattail,  and  aaltgraas.  The  dominant  salt 
cedar  was  introduced  in  1936  to  control  erosion.  Artesian  wells  provide 
the  water  source  for  the  cattails. 

25.  The  shadscale  scrub  community  along  the  flood  plain  is 
intersparsed  with  riparian  growth  but  is  less  dependent  upon  a  high 
water  table.  The  dominant  shrubs  in  this  community  are  shadscale  and 
fourwing  saltbush,  greasewood.  New  Mexico  or  desert  olive,  rabbitbrush, 
black  bush,  and  snakeweed.  Such  grasses  as  blue  and  black  garea, 
gall eta,  Indian  ricagraas,  saltgrcss,  and  alkali  sacaton  are  coamon. 

26.  FISH  AND  WILDLIFE.  Native  fish  species  that  once  inhabited 

the  Little  Colorado  River  include  the  Colorado  chub,  speckled  dace, 

Little  Colorado  spinedace,  bluehead  sucker,  and  8onora  sucker.  It  is 

highly  unlikely  that  these  species  currently  exist  in  the  study  area 

because  of  the  flow  modifications  that  have  occurred  in  the  Little 

Colorado  River  near  Holbrook.  The  river  currently  provides  habitat  for 
a  small  variety  of  largely  or  perhaps  entirely  introduced  fish.  These 
include  black  and  brown  bulkhead,  killifish,  fathead  minnows,  bluegill, 
and  green  sun  fish.  Amphibians  along  the  river  include  tiger  ealamander, 
several  species  of  toad,  canyon  traefrog,  and  leopard  frog.  Various 
lisard  species  and  snakes ,  including  tha  western  rattlesnake,  are  found 
in  tha  project  study  area. 

27.  The  wildlife  species  frequenting  the  various  habitats  within 
the  project  study  area  are  abundant  and  diversa.  The  a»st  coaewn  and 
wide-ranging  specias  (with  tha  excaption  of  birds)  utilising  the 
grassland,  flood  plain,  and  mass  habitats  are  tha  deer  mouse,  valley 
pocket  gopher,  and  desert  cottontail  and  black- tailed  jackrabbit.  Other 


species  utilising  upland  and/or  riparian  habitats  include  muskrat; 
beaver  (signs  observed  at  Feasance  diversion  structure  on  Decanber  IS, 
1976);  raccoon)  striped  eVunk;  ground  squirrel)  canyon,  bush,  and  pi ay on 
■ones)  prairie  dog)  gray  fox)  coyote)  and  antelope.  There  have  been 
local  reports  of  porcupine  in  the  study  area. 

28.  Bird  life  in  the  study  area  is  quite  diverse.  As  easy  as  ISO 
specias  utilise  the  habitats  at  various  tiuas  of  the  year,  and  at  laast 
31  species  are  residents  breeding  in  the  area.  The  riparian  area 
attracts  the  greatest  number  of  species  because  of  the  availability  of 
food,  nesting,  and  resting  sources.  During  field  surveys  in  January  and 
March  1974  and  Dec sober  1976,  Corps  biologists  observed  ossdowlarks, 
nouraing  doves,  sterlings,  house  finches,  j uncos,  crous,  killdeer, 
flicker,  usllsrds ,  Csneda  geese,  great  blue  heron,  and  several  species 
of  sparrows.  Many  raptors  (birds  of  prey)  were  observed  during  the 
March  survey.  Marsh,  red-tailed,  rough-legged,  and  sparrow  hawks  are 
cown  in  the  area.  Soil  conservation  Service  (SC8)  biologists  report 
prsirie  end  peregrine  fslcon  sightings  in  the  arcs.  The  lsrge  trees  and 
the  high  rodent  population  in  the  riparian  area  account  for  the  large 
nuubers  of  raptors.  Ducks,  gsese,  and  shorebirda  utilise  suitable 
habitat  along  the  river. 

29.  nSEATBMED  AMD  BMDAHCBBBD  SPECIES.  Phacelia  cephalotes,  a 
threatened  plant  species  believed  to  exist  in  the  Holbrook  area,  was  not 
observed  during  a  May  12,  1977,  field  investigation  by  Corpa  biologists. 
The  little  Colorado  liver  spine  dace,  which  is  considered  rare,  utilised 
habitat  in  the  headwater  reach  of  the  Little  Colorado  liver.  Ibis 
species  is  apparently  not  found  in  the  project  study  area  where  water 
supply  is  often  intermittent.  The  only  threatened  or  endangered  species 
that  possibly  use  the  project  study  area  habitats  or  feed  within  the 
regional  study  area  are  the  bald  eagle  and  the  American  peregrine 
falcon.  The  Arisons  Department  of  Case  and  Fish  reports  migrating  bald 
eagles  nay  rarely  visit  the  area.  The  peregrine  fslcon  has  been 
occasionally  seen  in  the  ares. 

Cultural  leaourcea 


30.  A1CHAEL0CICAL,  HISTCKICAL,  AM  COLTEMAL  1E80U1CES.  Like  much 
of  the  southwest  desert  region,  the  Holbrook  area  is  rich  in  Indian 
history.  There  is  physical  evidence  of  Indian  occupation  of  the  region 
12,000  years  ago.  Indian  cultures  that  have  occupied  the  area  include 
Tolchaeo,  Bashatmakers,  Pueblo,  Hopi,  Have jo,  and  probably  Apache. 

31.  Despite  the  abundant  history  of  the  Holbrook  area,  (Also  see 
prior  paragraph,  General.")  a  detailed  cultural  resource  study  of  the 
riverbed  and  flood  plain  of  the  Little  Colorado  liver  that  might  be 
disturbed  by  a  potential  flood  control  project  axpoaad  no  potential 
archeological  or  historic  sites  requiring  preservation.  A  r--ort  dated 
Par amber  1977,  and  titled  "An  Intensive  Archeological  Survey  of  Proposed 
lechaunalisatieo  Areas  and  Associated  Lavoos  Hear  Holbrook,  Havajo 
County,  Arisoua,"  contains  the  results  of  the  survey,  which  was 
conducted  under  contract  to  the  Corpa  of  Engineers.  Thi  *  report  is 
included  in  Section  C  of  this  appendix,  Cultural  leaourcea." 


A-6 


*  * 


I 


32.  RECREATION.  Holbrook's  recreational  faciliti.ee  include  three 
municipal  parka:  Ben  Hunt  Park  (8  acres),  Lisitaki  Park  (3  ecrea)  and 
the  2  acre  Levis  Park  (sea  pi.  A-l).  Although  these  parks  are  not  fully 
developed,  they  do  provide  facilitiea  for  baseball,  tennis,  basketball, 
and  playgrounds.  There  are  no  deaignated  bikeways  in  the  Holbrook  area. 
Public  picnic  tsbles  are  limited  to  a  three-table  development  at 
Lisitsky  park. 

Economic  Resources 


33.  ECONOMIC  BASE.  Holbrook  is  a  trade  center  for  the  Navajo  and 
Apache  Counties.  Development  of  the  automobile  and  modern  highway 
caused  s  growth  in  tourism  trtiich  supported  growth  in  the  trade  aector 
and  caused  the  service  sector  of  the  Holbrook  economy  to  be  equal  to 
trade.  Because  of  its  status  as  Navajo  County  seat  and  because  of  its 
central  location  in  relation  to  the  "four  corners"  area  and  the  Navajo 
and  Hopi  Indian  Reservations,  Holbrook  has  become  a  center  for 
goverment.  Other  industries  contributing  to  Holbrook's  economic  base 
include  agriculture,  forestry,  construction,  manufacturing, 
transportation,  coasiunications,  and  public  utilities. 

34.  EMPLOYMENT.  Because  of  substantial  unemployment,  Navajo 
County  is  currently  designated  a  Title  IV  redevelopment  area  by  the 
Economic  Development  Administration  of  the  U.S.  Department  of  Commerce. 
As  of  October  1979,  there  was  11.7  percent  unemployment  in  the  county. 
Title  IV  designation  qualifies  areas  for  public  works  grants  and  low 
interest  loans. 

35.  Table  A-l  shows  employment  in  Hava jo  County  and  in  Holbrook  by 
industry,  and  table  A- 2  provides  statistics  on  employment  by  occupation. 

36.  INCOME.  Across  the  nation,  about  14.4  percant  of  the 
population  subsists  on  income  below  the  poverty  level.  The  residents  of 
Holbrook  are  somewhat  behind  the  rest  of  the  nation,  with  15.3  percent 
having  incomes  below  the  poverty  level.  A  small  low-income  community 
exists  on  the  south  side  of  the  Little  Colorado  River.  Incomes  in  Navajo 
County  compare  very  poorly  with  the  rest  of  the  nation.  The  39  percent 
of  county  residents  with  less  than  poverty  level  income  undoubtedly 
reflects  the  large,  rural  Indian  population. 
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Tabl*  A-l.  Huplopmeet  by  industry  (1970) 
(la  percent) 


Industry 

Hava jo 

County 

Holbrook 

Agriculture,  forestry,  sad  fisheries 

3.8 

2.0 

Mining 

1.0 

0 

Construe ti on 

8.A 

8.2 

Maaufaeturiag 

13. S 

2.3 

Transportation 

9.A 

3.1 

Coasi unications  aad  public  utilitiee 

3.3 

8. A 

Trade 

18.9 

29.7 

Finance,  insurance  real  estate 

1.9 

2. A 

Services 

30.9 

32.0 

Government 

8.6 

11.7 

Store*!  1970  0.8.  Cans a*  of  Population  and  Housing. 


Tabla  A- 2.  Bnployaant  by  occnpatioa  (1970). 
(In  parcaat) 


Occupation 

Hava jo 

County 

Holbrook 

Professional,  technical  and  related 

1A.5 

16.3 

Hcnfava  managers  aad  adaiaistrators 

12. A 

1A.9 

Salsa  workers 

A.0 

6.0 

Clerical  workers 

12.8 

17.9 

Craftsmen .  foremen,  and  related 

15.7 

12.3 

Operations,  except  transport 

8.5 

A. 3 

Transport  operations 

5.3 

A.6 

Honiara  laborers  • 

7.9 

3.7 

Service  workers 

1A.A 

18.A 

Private  household  workers 

2.0 

1.3 

Para  workers 

2.5 

0.2 

Source:  1970  U.S.  Caaaas  of  Population  and  Housing. 


37.  TIAMSPOKTATIOH.  Holbrook  ia  served  by  all  focaa  of 
transportation  and,  ia  taray  serves  as  a  da  pot  for  aach  of  the 
aurroaading  area.  Major  bitmaps  paaaing  throagk  Holbrook  include  U.S. 
€6  (Interstate  A0)(  U.S.  ISO,  and  State  touts  77.  tail  service  is 
provided  to  Holbrook  by  the  Santa  Pa  Kailnay  aad  the  Apache  Kail  road, 
ohich  connects  Holbrook  to  Snowflake  aad  the  kia  coaatry  to  the  eoutb. 
One  Aatrak  traia  par  day  passes  each  any  through  Holbrook  bat  does  not 
stop  thorn.  The  nearest  stop  is  at  Hlaslow,  about  30  uilee  to  the 


vest.  Bus  service  is  provided  by  Greyhound,  Continental  Trail  ways,  and 
White  Mountain  Passenger  Lines.  Truck  lines  providing  common  carrier 
and  tanker  service  to  Holbrook  include  Navajo  Freight  Lines,  United 
Parcel  Service,  Thunderbird  Freight  Lines,  and  sane  smaller  local 
companies.  The  Holbrook  Municipal  Airport  has  two  lighted  runways  of 
3,200  and  5,000  feet  in  length.  The  community  is  serviced  with  one 
flight  per  day  to  Phoenix,  Arisons  and  Farmington,  New  Mexico*  Other 
nearby  cities  with  scheduled  airline  service  are  Flagstaff,  Arisons,  91 
miles  to  the  vest,  and  Gallup,  New  Mexico,  95  miles  to  the  east. 

38.  LAND  USE.  Although  94  percent  of  the  land  in  Navajo  County  is 
either  vacant  or  used  for  gracing,  much  of  the  land  within  Holbrook  is 
developed  to  residential,  conmercial,  public,  and  industrial  uses. 
After  establishment  of  the  railroad  station,  the  town  clustered  just 

north  of  the  Little  Colorado  River  in  the  flood  plain  below  the  mesas. 
Subsequent  development  of  the  transportation  corridors  contributed  to 
development  in  this  location.  Almost  all  of  the  comunity 's  businesses 
and  residences,  as  well  as  the  high  school,  are  located  here.  Some 

development  has  occurred  south  of  the  river,  but  these  structures  have 
suffered  from  deterioration,  partly  because  they  are  separated  from 
downtown  by  the  river  and  partly  from  past  flooding.  In  many  cases 
substandard  housing  exists  in  this  area  (see  photo  A~l).  Navajo  County 
has  recently  relocated  its  government  center  and  fairgrounds  a  few  miles 
south  of  the  river  along  State  Highway  77.  Recent  development  has 
occurred  along  Highway  66  on  the  bluffs  north  of  town.  The  pace  of 
expansion  to  the  north,  in  the  vicinity  of  Holbrook  Airport  (see  pi. 

A-l),  is  expected  to  quicken  with  the  completion  of  Interstate  40. 


Photo  A-l.  Development  on  south  side  of  river. 
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39.  Of  the  2,600  acres  in  the  vicinity  of  Holbrook  subject  to 
inundation  by  the  Little  Colorado  Kim,  about  500  acres  are  in  urban 
use.  Approximately  854  structures*  including  632  hones  and  26  mobile 
hemes*  are  within  the  standard  project  flood  overflow  area.  The  flood 
plain  also  includes  die  central  business  district  with  most  of  the 
city's  coonereial  development}  all  schools  in  the  city}  most  of  the 
limited  industrial  development}  many  churches}  and  Federal*  State*  and 
local  government  buildings.  Land  use  in  the  flood  plain  by  type  of  uae 
is  given  in  table  A-3. 

Table  A-3.  Present  land  uae  by  flood  (units). 


Land  use 

SPF* 

10O-Year 

50-Year 

Singl e-family  residential 

Conventional 

632 

600 

600 

Nobile  homes 

26 

26 

26 

Ccamereial 

Auto  repair  and  sales 

13 

13 

13 

Strip 

75 

75 

75 

TVo  story 

4 

4 

4 

Motels 

18 

18 

18 

Restaurants 

12 

11 

11 

Gas  stations 

14 

14 

14 

Public 

Office 

15 

15 

15 

Schools 

11 

10 

10 

Semi pub 1 i c-churches 

10 

10 

10 

Industrial 

Warehouses 

10 

10 

10 

Manufacturing 

15 

15 

15 

*Standard  project  flood. 


Social  Resources 

40.  Following  is  a  description  of  the  demographic*  housing*  and 
esthetic  environment  in  the  Holbrook  area. 

41.  In  1970*  Holbrook  had  a  population  of  4*759*  and  Havajo  County 
had  47,559  residents.  The  estimated  1978  population  for  Holbrook  ranges 
from  5,150  to  5*500  and  for  Havajo  County  between  47*600  and  66*380. 
Table  A-4  shows  historic  and  projected  population  for  Holbrook  and 
Havajo  County. 

42.  The  racial  composition  of  Havajo  County  in  1970  was  49.1 
percent  Mbits,  48.3  percent  American-Indian*  1.9  percent  black*  and  0.7 
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nediana  Mrt  19.9  and  18.9  years  for  feoales  and  sales,  respectively. 
Table  A-5  presents  nedian  ape  by  sen,  race,  or  ethnic  group  for  Navajo 
County  and  Holbrook. 

44.  The  1970  census  shooed  that  38.7  percent  of  Holbrook  residents 
over  25  years  of  age  have  couple ted  high  school;  this  coupares  with  38.3 
percent  of  the  County's  residents  over  25,  oho  have  eoupleted  high 
school.  Table  A-6  shoos  educational  attaiauant  by  Holbrook  and  Havajo 
County  reaidants. 


» 


Table  A-5.  Median  age  in  lava jo  County  and  Holbrook  (1970) 
by  mi,  race,  or  ethnic  group* 

(Xu  year  a) 


Hava jo 

Group 

County 

Holbrook 

Panale 

Hhite 

24.7 

23.6 

Black 

22.3 

17.7 

Aner i can-Xnd ian 

14.8 

17.1 

Span ish-Aneri can 

17.2 

21.8 

All  fancies 

19.9 

22.0 

Male 

White 

23.7 

21.9 

Black 

18.1 

18.2 

Aneri can-Ind ian 

16.2 

12.4 

Spanish- Anerican 

16.9 

16.6 

All  nales 

18.9 

20.1 

Total 

18.9 

21.4 

Source:  1970  U.S. 

Census  of  Population  and  Housing. 

Table  A-6. 

Median  level  of  educational  attaianent  (1970) 

by  race  or  ethnic  group. 

(In  years) 

Havajo 

Croup 

County 

Holbrook 

White 

12.3 

12.4 

Black 

8.4 

7.8 

Aneri can- Indian 

7.2 

8.4 

Span ish-Aneri can 

10.0 

10.4 

Total 

10.7 

12.2 

Sourcet  1970  U.S.  Ceneua  of  Population  and  louring. 

45.  ESTHETICS.  Excellent  high  daaart  weather  and  air  quality 
prevail  in  the  Holbrook  area.  Scenery  in  the  eurrouading  area  ia 
typified  by  ueually  bright  blue  ekiee  end  aaall  aeeae  of  red  rock 
protruding  fron  red  and  brown  desert  soil a  decorated  with  golden  graeeee 
and  aaall  ahruba.  The  Little  Colorado  liver  bed  near  Holbrook  eonteina 
thick  vegetation,  including  donee  aalt  cedar  growth  and  sene 
exceptionally  fine  etande  of  old  eottoauood  trees.  Zn  owner,  the  lueh 
riparian  growth  provider  a  pleasant  contrast  to  the  more  barren  desert 
surroundings.  A  locally  dug  low-flow  channel,  the  north-bank  Corps 
levee,  the  south-bank  levee — coapoaed  partly  of  rough  rubble  end  cer 
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bodies,  and  th«  Nmtt  ditmiaa  itnnt«w  are  the  wly  significant 
modifications  of  tk«  Little  Colorado  Kim  ami  tho  innodi  atoly 
surrounding  flood  plain  throv^r  tho  project  study  ana.  Otherwise,  tho 
rim  bottom  ratal  ns  a  natural  char  actor.  Substandard  housius 
■true taros  occupy  parts  of  tho  flood  plain  north  and  south  of  tho  river 
throngli  tho  City  of  Solbrook. 

48.  DCS  DIG.  A  t  saporary  iaeroaoo  in  population  roa  siting  from  an 
influx  of  construction  nor  bars  narking  on  tho  Cholla  pouar  plant 
expansion  has  contributed  to  a  housing  shortage  in  Holbrook.  Whether 
and  to  uhat  dogroo  tho  short ago  will  continue  after  coaplotion  of  units 
3  and  4  in  1981  is  not  clear. 

47.  Another  factor  contributing  to  tho  housing  shortage  has  boon 
the  lack  of  floo6->free  sites  close  to  auailable  utilities.  The  tom  is 
currently  in  the  process  of  expanding  enter  and  sewer  facilities  on  the 
bluffs  north  of  the  central  pert  of  town.  This  action  should  help  to 
iaprouc  the  availability  of  housing. 

48.  Most  of  the  present  housing  in  Holbrook  is  in  reasonably  good 
condition,  although  there  are  pockets  of  substandard  housing*  the 
largest  of  which  is  located  on  the  south  aide  of  the  Little  Colorado 
River  in  the  vicinity  of  State  Route  77.  (See  discussion  under  "Land 
Dae"  above). 


49.  DTIL1TIKS.  With  the  exception  of  natural  gas*  Holbrook  is 
adequately  supplied  with  all  necessary  utilities.  A  noratorim  on  new 
natural  gas  hookups  has  bean  in  effect  for  sons  tine*  but  efforts  are 
being  nade  to  find  new  supplies  ao  that  the  ooratoriuu  can  be  lifted. 

50.  Pones  tic  water  in  Holbrook  which  is  supplied  by  the  Holbrook 
Water  Depertnent  is  obtained  fron  three  local  wells  tapping  the  Coconino 
sandstone  aquifer.  Transmission  is  through  city-owned  lines.  The 
recant  completion  of  a  new  18-inch  wain  will  satisfy  the  city's  needs 
for  the  foreseeable  future.  Hnaller  delivery  sains  are  constructed  by 
tbs  city  ao  required. 

51.  Holbrook  is  currently  conducting  a  program  of  upgrading  its 
aewsr  mains.  The  city-owned  sewage  treatment  plant,  located  west  of 
Larons  Wash  was  constructed  in  cooperation  with  the  lavir oanaata  1 
Protection  Agency  (EPA).  There  are  plans  to  upgrade  the  plant  to 
satisfy  new  RPA  criteria. 

52.  Electricity  is  supplied  to  Holbrook  by  the  Ariaoaa  Public 
Service  Company,  which  is  in  the  process  of  a  massive  expansion  of  its 
Cholla  power  plant  located  at  Joseph  City,  About  10  miles  west  of 
Holbrook. 

53.  Telephone  service  is  supplied  to  Holbrook  by  up  Western 
Staten  Telephone  Cam  pony. 
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Existing  Flood  Control  Facilities 

54.  TWo  dui  -  Zion  Dn  and  Lyman  Dam  -  are  preaeat  on  the  Little 
Colorado  River  upstream  from  Holbrook.  Zion  Darn,  about  SO  miles 
upstream  from  Holbrook,  was  almost  completed  in  1905,  but  was  destroyed 
by  a  flood  before  it  could  be  finished.  It  was  rebuilt  in  1908.  The 
reservoir  had  a  capacity  of  about  13,000  acre- feet,  but  continued 
silting  has  rendered  the  reservoir  unusable.  Lyman  Dam,  about  20  miles 
upstream  from  Zion  Dam,  was  destroyed  in  1915  and  rebuilt  in  1920.  The 
water  conservation  reservoir,  with  its  present  capacity  of  32,200  acre- 
feet  has  a  contributing  drainage  area  of  790  square  miles,  but  baa  no 
flood  control  storage  space  other  than  incidental  space  that  a«y  be 
available  during  normal  water  conservation  operations.  Many  of  the 
tributaries  of  the  Little  Colorado  River  contain  numerous  small  dams  and 
reservoirs  (less  than  1000  acre-feet)  that  are  used  for  water 
conservation.  Hone  contain  dedicated  flood  contol  space,  nor  do  they 
have  any  effect  on  peak  flows  at  Holbrook. 

55.  The  Corps  of  Engineers  constructed  a  levee  on  the  north  bank 
of  the  Little  Colorado  River  at  Holbrook  in  1948  (see  pi.  A-l).  The 
levee  was  designed  for  a  flow  of  60,000  cubic  feet  per  second  (cfs). 
The  selection  of  this  design  flood  was  based  on  an  estimate  of  the 
discharge  of  the  largest  flood  of  record  (Sept.  1923)  on  the  river  at 
Holbrook.  This  discharge  is  now  considered  to  be  a  100-year  flood. 
Since  1948,  however,  changes  or  unanticipated  processes  in  the  dreinage 
basin  and  riverbed  have  reduced  channel  capacity.  Soil  erosion  in  the 
watershed  has  occurred  in  the  past  due  to  natural  and  geological 
processes.  Overgrasing  in  the  drainage  basin  above  Holbrook  has 
contributed  to  sediment  production.  The  sediment  moves  down  the  steep 
riverbed  in  the  upper  basin  and  begins  settling  out  in  the  vicinity  of 
Holbrook,  where  the  natural  riverbed  gradient  decreaaes.  Plants 
(primarily  salt  cedar)  growing  in  the  riverbed  at  Holbrook  aggravate 
this  sediment  deposition.  Another  cause  of  sediment  buildup  is  the 
unanticipated  effect  of  the  State  Route  77  and  Apache  Railroad  bridges, 
both  of  which  were  in  place  when  the  levee  was  constructed.  All  of  the 
above  have  caused  the  bed  of  the  Little  Colorado  River  to  rise  since  the 
levee  was  built.  The  existing  capacity  of  the  north  levee  is  now 
estimated  at  30,000  cubic  feet  per  second,  or  about  a  14-year  flood. 
The  existing  levee  extends  from  the  Apache  Railroad  bridge  to  high 
ground  6,200  feet  upatream.  When  the  levee  was  built,  neither  the 
railroed  bridge  nor  the  State  Route  77  bridge  was  reconstructed.  The 
levee  design  included  a  6-foot  high  miter  gate  to  permit  passage  of 
traffic  through  the  levee  (see  photo  A-2).  Although  the  owners  raised 
the  railroed  bridge  about  2  feet  after  it  was  damaged  in  the  1972  flood, 
the  bridge  would  still  be  overtopped  by  a  100-year  flood. 

56.  Over  a  period  of  yearb,  local  interests  have  built  a  dike  of 
uncompacted  earth  and  rubble  to  protect  development  on  the  south  side  of 
the  Little  Colorado  River  (see  photo  A-3).  The  dike  between  the  river 
and  Montano  Street  extends  from  a  point  about  800  feet  east  of  Route  77 
eastward  and  southward  to  higher  ground,  a  distance  of  over  2,000 
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feet.  During  floods  of  about  15,000  cfa  in  1972  and  25,000  in  1978, 
this  levee,  coupled  with  flood  fighting  efforts,  prevented  flooding  of 
the  south-side  community. 

57.  After  the  1972  flood,  the  City  of  Holbrook,  assisted  by 
Housing  and  Urban  Development  (HUD)  in  obtaining  a  used  dragline,  began 
excavating  a  low-flow  channel  in  the  river  (see  photo  A-4).  Over  a 
period  of  3  to  4  years  city  forces  have  dug  a  channel  approximately  80 
to  100  feet  vide  extending  from  near  the  confluence  with  the  Puerco 
River  downstream  to  Penzance  Dam.  The  purpose  of  the  low-flow  channel 
is  to  speed  flows  through  the  reach  and  thereby  reduce  sedimentation. 
Sediments  dredged  from  the  channel  are  disposed  on  the  banks  and  act  as 
informal  low-flow  levees.  Thus  far,  the  channel  seems  to  be  working  as 
planned,  with  the  largest  flow  experienced  to  date  about  25,000  cfs  at 
Penzance,  as  estimated  by  the  U.S.  Geological  Survey.  Officials  of 
Holbrook  have  expressed  their  intention  to  maintain  the  low-flow 
channel. 


Photo  A-2.  Existing  north  levee  and  miter  gate  as  viewed 
from  south 
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Photo  A -3.  Dnconpscted  earth  end  rubble  dike  on  south 
aide  of  river 
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Photo  A*4.  Construction  of  existing  loo- flow  choanol 


58.  In  addition,  to  ita  flood  control  offorta  along  the  Little 
Colorado  River,  the  City  of  Holbrook  maintains  an  un comp acted  dike 
foming  a  ponding  area  eaat  of  the  old  county  fairgrounds .  The  dike  end 
ponding  area  collect  flows  from  two  mail  stream  flowing  south  froa  the 
vicinity  of  the  airport  and  flowing  west  from  a  drainage  area  east  of 
the  town.  The  ponding  area  is  used  to  retain  floodflovs  until  they  can 
enter  the  Little  Colorado  River  by  way  of  a  culvert  through  the  Santa  Fe 
Railway  enbanknent  and  the  existing  Corps  levee.  The  present  systea  ia 
not  quite  adequate  to  control  a  50-year  flood. 

59.  The  City  of  Holbrook  ia  currently  enrolled  in  the  emergency 
flood  insurance  prograa  of  the  Flood  Insurance  Administration.  A 
detailed  rate  study  is  expected  to  be  completed  this  year. 

CONDITIONS  IF  NO  FIKTHER  ACTION  IS  TAKEN  (WITHOUT  CONDITION  PROFILE) 

60.  The  without  condition  is  that  which  is  aoat  likely  in  the 
Holbrook  area  if  no  specific  plans  for  future  flood  control  or  related 
developments  are  implemented.  Because  nearly  all  future  development  in 
Holbrook  will  occur  on  high  ground  north  and  south  of  the  Little 
Colorado  River  flood  plain,  the  assessment  of  the  aoat  probable  future 
without  condition  ia  not  sensitive  to  alternative  assumptions  of  the 
rate  and  location  of  future  development. 

Population/Land  Use 

61.  The  town  of  Holbrook  is  expected  to  continue  its  past 
population  growth.  The  town  will  expand  as  described  under  the  previous 
seciton,  "Land  Dae."  A  minor  amount  of  development  will  occur  on  fill 
in  the  fringe  area  of  the  100-year  flood  plain.  This  development  will 
occur  on  vacant  lots  in  the  midst  of  developed  areas.  Construction  of 
Interstate  40  will  encourage  the  current  trend  of  developing  the  mesa  to 
the  north  of  downtown.  The  recently  constructed  county  governmental 
center  and  new  county  fairground  will  attract  development  to  the  south 
of  the  Little  Colorado  River  flood  plain. 

Employment 

62.  The  higi  unemployment  rate  which  exists  in  Navajo  County  ia 
expected  to  persist  in  the  near  future,  and  may  be  worsened  upon 
completion  of  units  3  and  4  of  the  Arisons  Public  Service's  Cholla  Power 
Plant  in  Joseph  City.  These  unita  will  be  completed  in  1980  and  1981, 
respectively* 

Flooding 


63.  The  town  of  Holbrook  ia  expected  to  continue  its  program  of 
maintaining  a  low  flow  channel  in  the  river  through  town.  This  channel 
may  minimise  sediment  deposition  from  low  flows,  but  will  do  little  to 
affect  flooding  from  large  flows.  The  main  part  of  the  town  of  Holbrook 
will  remain  subject  to  inundation  from  floode  greater  than  30,000  cfs. 
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64.  Holbrook  it  expected  to  continue  floodfi lotting  Measures  during 
flood*  on  the  eontheide  of  the  river.  However,  flooding  ie  expected  to 
occur  in  thie  ere*  frew  dieeherge*  greeter  then  ebout  25,000  cfe. 

65.  The  Pederel  Ineurence  Adainistration  (PIA)  ie  currently 
etudying  the  Holbrook  flood  plein.  A  Flood  Xneureaee  tete  Hep, 
echeduled  for  ccapletion  lete  in  1980,  will  be  publiehed  ae  e  reeelt  of 
the  FIA  etudy.  The  uep  i*  *  neceeeery  etep  to  el low  Holbrook  to  upgrade 
their  participation  f ran  the  Inergency  Flood  Insurance  Frograu  to  the 
Regular  Frograu. 

Recreation 


66.  County  plane  to  develop  the  new  fairgrounde  couth  of  town  are 
expected  to  be  inplewented.  Although  20  picnic  table*  will  be 
inetalled,  they  will  be  available  only  during  fair*.  A  Municipal  pool 
will  be  constructed  in  Holbrook,  bat  no  other  uajar  recreational 
facilities  are  planned. 

Water  Supply 

67.  The  underground  aquifer  frou  which  Holbrook  obtains  ite  water 
supply  contains  sufficient  quantities  to  serve  the  city's  needs  for  the 
foreseeable  future,  although  wore  water  is  being  drawn  fran  the  aquifer 
than  is  being  replenished  f row  natural  sources.  The  city's  distribution 
systeu  has  caused  sene  short- tern  1  ini  tat  ions  on  developwent  in  the 
past,  but  the  construction  of  new  wains  and  storage  facilities  ia 
resolving  these  problsws. 

Water  Quality 

68.  Since  Holbrook's  underground  water  supply  is  of  high  quality, 
enquiring  only  chlorination  before  use,  water  quality  does  not  present  a 
problsw.  High  salinity  in  the  riverbed  has  United  diversification  in 
vegetation  although  the  construction  of  a  low-flow  channel  by  the  city 
way  speed  saline  flows  through  the  area  and  encourage  diversification 
(see  "Vegetation,"  below). 

Vegetation 

69.  Although  other  vegetation  does  exist  in  the  Little  Colorado 
Riverbed,  as  described  above,  the  proliferation  of  salt  cedar  is 
expected  to  continue  to  doainate  the  riparian  species.  The  hi£> 
salinity  of  surface  water  flows  will  continue  to  linit  the  growth  of 
vegetation  in  areas  subject  to  frequent  flows!  this  salinity  Units  the 
diversity  of  vegetation  to  salt  tolerant. 
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Flood  Ptobleus 

70*  FLOOD  BISTORT.  Little  is  known  about  flood  daaages  occurring 
in  tho  vicinity  of  Holbrook  prior  to  1938.  It  ia  known,  however,  that  a 
1923  flood  had  an  estiaated  discharge  of  60,000  cfa.  Currant  hydrology 
indicates  that  this  would  be  about  a  100- year  flood.  Since  1939, 
knowledge  of  flooding  is  nore  detailed  and  includes  the  stra engage 
record  frea  1950  to  1973. 


Annual  peak  flows;  the  Little  Colorado  River  at  Holbrook 
(peak  flow  in  cubic  feat  par  second) 


Peak 

Desk 

Data 

Flow 

Data 

Flow 

July  19,  1950 

2,960 

July  25,  1965 

14,800 

August  28,  1951 

8,700 

August  13,  1966 

10,400 

January  19,  1952 

8,400 

August  12,  1967 

14,100 

July  29,  1953 

6,030 

August  12,  1968 

21,000 

July  22,  1954 

10,800 

October  4,  1968 

24,200 

August  17,  1955 

10,500 

SepteaAer  6,  1970 

19,700 

June  30,  1956 

4,210 

August  12,  1971 

13,200 

August  5,  1957 

21,800 

October  1,  1971 

20,300 

Saptaabar  14,  1958 

7,000 

October  20,  1972 

15,000 

August  6,  1959 

6,300 

July  22,  1974* 

3,880 

October  29,  1960 

11,400 

October  29,  1974* 

20,600 

August  16,  1961 

4,160 

July  30,  1976* 

3,880 

October  31,  1962 

4,010 

August  18,  1977* 

12,000 

August  31,  1963 

9,370 

March  1,  1978* 

5,200 

Saptaabar  9,  1964 

15,100 

Deceaber  19,  1978* 

25,000 

*Data  frea  gags  09397000  discontiauad  in  1974.  Data  froa  1974  through 
1979  for  the  Little  Colorado  River  at  Joseph  City,  OSGS  Gaga  Ho. 
09397300. 


71.  Daaaga  and  near  disaster  have  occurred  at  Holbrook  on  three 
separata  occasions  since  1970.  In  Saptaabar  1970  ovarbank  flews  up  to  3 
feat  deep  inundated  unprotected  property  on  the  south  side  of  the  river 
(sea  photos  A-5).  The  peak  flow  in  the  flood  was  about  19,700  cfs. 
During  this  flood,  and  blocked  the  openings  of  the  State  Route  77  bridge 
and  the  Apache  Railroad  bridge.  A  year  later,  in  Saptaabar  of  1971,  a 
flood  with  a  discharge  of  about  20,300  cfs  nearly  overtopped  the 
upstraaa  and  of  the  existing  lavas  on  the  north  bank  (aaa  photo  A-6). 
Rad  failure  occurred,  aoat  of  the  aain  part  of  Holbrook  would  have  bean 
inundated.  During  the  sawn  flood,  the  railroad  oabanlmant  at  the 
downs tre an  and  of  the  Corps  lavas  was  nearly  overtopped  (see  photo  A-7); 
and  the  south  side  was  inundated  again.  In  October  1972,  another  flood 
eatiaated  at  about  15,000  cfs  occurred.  Only  extaosiue  floodfi^tiag 
along  the  nakashif t  levee  on  the  south-side  of  the  river  prevented 
south-side  property  frou  being  inundated  again.  Iupro  waant  of  the 
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south  levee  by  local  interests  after  1972 f  coupled  with  flood fighting 
prevented  flooding  of  the  south  side  by  a  flood  estimated  at  25,000  cfa 
in  December  1978. 

72.  FUTURE  FLOODING.  Holbrook  is  subject  to  flood  damages  from 
two  sources — the  Little  Colorado  River  and  the  small  tributaries  from 
the  north  and  east.  The  threat  from  the  Little  Colorado  River  is  by  far 
the  moat  serious. 


w 


Photo  A-5.  Flooding  south  of  river  in  1970 


Photo  A-5  (cont.).  Flooding  south  of  river  in  1970 
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Photo  A-6.  Existing  north  levee  upstream  of  town 
almost  overtopped  in  1971 


Photo  A-7.  Railroad  embankment  downstream  of  existing 
north  levee  almost  overtopped  in  1971 
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73.  Flooding  from  th>  Little  Colorado  |igt.  Flood  daigti  from 
the  Little  Colorado  liver  can  be  expected  to  occur  from  float  in  eseete 
of  about  25,000  eft  (tee  pi.  A-2).  Tbit  tiie  flood,  uhich  hat  a 
probability  of  occurrence  of  about  12  paretat  (about  once  in  8  yeara ) , 
could  overtop  the  south- aide  dike.  Once  the  south-aide  dike  ate 
overtopped,  it  could  be  expected  to  aaah  out  very  quickly.  The  Corps 
levee  on  the  north  tide  will  contain  float  up  to  about  30,000  eft  (about 
a  14-year  flood).  The  Corps  levee  could  be  expected  to  withstand  seae 
overtopping  float;  however,  if  the  flood  were  large  enough  or  of  long 
enough  duration,  rapid  failure  could  occur  there,  alto.  Much  of  tha 
developaent  in  Holbrook  on  both  aidea  of  the  river  ia  near  or  even  below 
the  elevation  of  the  atreanbed;  and  once  overtopping  of  the  levee  and 
dike  occurred,  swat  of  the  town  would  be  in  danger  of  flooding.  During 
the  100-year  ( 1-percent- chance)  and  50- year  (2-percent- chance)  floods, 
821  structures  would  be  daaaged  by  flooding.  Of  these  structures  796 
are  on  the  north  side  of  the  river  and  25  are  on  the  south  tide.  During 
the  standard  project  flood,  854  structures  would  be  flooded,  804  on  the 
north  side  and  50  on  the  south  tide.  8hould  they  occur  (1979 
conditions)  damages  from  the  8PF,  100-year  and  50-year  floods  would 
exceed  $27  aillion,  $22  million,  and  $21  million,  respectively.  (See 
Section  C,  ’Economics",*  for  details).  In  the  heart  of  town  and  on  the 
south  side,  6-  and  8-foot  depths  would  be  cosmon  during  the  100-year  and 
the  standard  project  floods.  Maximum  flow  velocities  during  these 
floods  would  be  up  to  5  and  7  feet  per  second,  except  near  a  levee  break 
where  velocities  would  be  hitter.  Injury  and  loss  of  life  would  be 
highly  probable  should  either  the  levee  or  the  dike  wash  out  during  a 
large  flood.  The  City  of  Holbrook  has  some  arrangements  for  s  "river- 
watch"  or  observation  type  of  warning  sytem.  However,  a  large  flood  at 
Holbrook  could  result  frem  large  flows  on  the  Puerco  River  or  the  Little 
Colorado  River  or  both,  and  the  unsophisticated  observation  system  might 
not  predict  a  large  combined  flow  or  provide  adequate  time  for 
evacuation.  Opportunities  to  reduce  this  flood  threat  exist  through 
impl mentation  of  nou-atructural  and  structural  flood  plain  management 
measures. 

74.  Plooding  from  tributaries.  Flows  from  the  small  tributaries 
north  and  east  of  town  can  cause  what  night  be  characterised  as  nuisance 
flooding.  Except  for  rare  events,  flooding  would  only  occur  on  streets 
and  lawns.  The  50-year  flood  (see  pi.  4-3)  could  produce  some  isolated 
flooding  inside  buildings.  A  one-hundred  year  event  could  cause  depths 
above  ground  of  0.5  to  2.0  feet.  Flow  velocities  would  range  from  1  to 
5  feet  per  second.  Equivalent  annual  damages  from  tributary  flooding  are 
estimated  at  $48,000  (7-1/8  percent  -  100  years).  Because  current 
authority  precludes  Corps  participation  in  solving  urban  flood  problems 
on  stream  with  10-year  discharges  less  than  800  efs  and  100-year 
discharges  less  than  1,800  cfs,  this  problem  was  not  pursued.  However, 
the  residual  problem  is  displayed  in  the  System  of  Accounts  display 
under  "Formulation,  Assessment,  and  Evaluation  of  Detailed  Plans." 


75.  The  flood  thrkit  to  Solbrwk  pnimti  oeriow  ooeiol  problow. 
1®  edditiw  to  tbo  potoatiol  for  iijury,  sickwss,  ami  loos  of  life, 
hwdro4t  of  pooplo  mold  bo  forced  frw  tkoir  bows  dor i op  o  major  flood 
rrotf.  Boeonoo  of  tho  proa  oat  boooiag  shortage  ia  lolbrook,  obi  eh  is 
wt  likely  to  aboto  ia  tho  aaar  future,  providing  mmrgsacy  housing  for 
•web  a  largi  awbor  of  pooplo  ooold  bo  oary  difficult.  Cowoaity 
•ttioitios  aad  aoraal  roatiaas  ooold  bo  disrupted  iadefiaitely.  Pooplo 
affected  by  floodiag  uould  have  to  undergo  tbo  anxieties  aad  frustra- 
tiow  of  daaliag  uith  aafwiliar  govs  rw  sat  agaacios  aad  regulatioas. 
See  of  parsoaal  foods  aad  tiaa  would  bo  diuortod  to  flood  recouery 
activities  iastoad  of  boiag  used  for  iaproviag  quality  of  life. 

76.  Koaidoats  of  tbo  south  side  cowoaity  uould  suffer  oil  tho 
flood  related  social  problow  of  their  aorth  side  wigbhors  plw  some 
pro  blew  wigw  to  the  south  side,  h as i dents  of  the  south  side  face  a 
ouch  swrs  wcortaia  future  tbw  those  ia  the  aaia  part  of  tew.  South 
aids  property  own  who  are  fiasncially  able  to  iaprowo  their 
properties  are  prewoated  frw  doiag  so  by  tho  flood  threat.  Moat  of  tho 
south  aiders  are  poor  aad  aaay  lire  w  fixed  incases  ia  the  only  housing 
they  can  afford.  Should  their  hows  bo  destroyed  or  otherwise  be  aade 
or  declared  uninhabitable,  affordable  alternation  hewing  would  not  be 
available.  Existing  governmental  prograw  for  dealing  with  ouch  a 
situation  are  indirect,  tiaa  cone  awing  and  uncertain.  People  living  at 
or  aaar  subsistence  level  iacwsa  would  find  economic  recovery  slower 
and  note  difficult  while  uniting  for  go  os  ran  ant  assistance  aad  from 
loeaw  wt  cowered  by  goverwaat  eoaietaaee. 

Inploinwt  Problow 

77.  Peroioteat  hi^i  wanplaymant  in  Move  jo  Cowty  can  be  reduced 
for  the  short- tern  by  providing  public  works  construction  jobs. 

Sou  si  no  Problwo 

78.  A  obortago  of  housing  exists  because  of  the  influx  of 
cow  true  ti  on  workers  at  the  Cholla  power  pleat.  Those  workers  oho  could 
wt  bo  aceaanodated  by  the  existing  bowing  stock  are  living  ia  mobile 
hones.  Upon  completion  of  the  plant  this  problw  will  be  relieved. 
Substandard  housing  south  of  the  Little  Colorado  liver  ami  adjacent  to 
State  ligjbway  77  pww  a  more  permanent  housing  problem.  Moot  the  people 
living  there  ore  black  and  poor.  A  awbor  of  f ami  lias  haw  bow  moved 
few  the  area  through  a  Parwrs  Sow  Ad^aistratiw  (PIS)  self-help 
progrw.  future  development  on  the  south  aide  flood  plain  ia  now 
controlled  by  a  city  ordinance  that  does  wt  allw  the  iaawmee  of 
building  permits  for  the  area  except  w  the  fleedway  fringe  where 
100- year  flood  protection  wot  be  provided  in  accordance  t  ‘  _h  the  flood 
Insurance  Act. 


79.  Supplemental  payments  for  safe  and  sanitary  hawing  under  "The 
Uniform  ftelocatiow  Assistance  and  Kwl  Property  Acgui«.;i«e  Policies 


Act  of  1970"  may  provide  the  opportunity  to  up (rede  south- side  housing 
in  conjunction  with  flood  plein  asnagsnvnt  aeesures.  Allevietion  of  the 
flood  threat  on  the  south-aide  would  also  tend  to  improve  the  condition 
of  housing  there 

Recreation  Frobleas 


80.  An  inventory  of  recreational  facilities  of  Holbrook  was 
ecapered  with  dsaand  for  facilities  included  in  the  "State  of  Arisona 
Statewide  Comprehensive  Outdoor  Recreation  Plan,"  (1973)  prepared  by  the 
Arisona  Outdoor  Recreation  Coaaission.  This  comparison  showed  Holbrook 
to  be  deficient  in  most  types  of  recreational  facilities,  especially 
faaily  park  and  picnic  facilities  and  trails.  (See  Section  B,  "Economic 
Evaluation  of  Alternatives.")  According  to  Holbrook  officials,  all  park 
and  recreational  facilities  are  currently  used  heavily  by  local 
residents  and  by  Indian  children  who  reside  in  Bureau  of  Indian  Affairs 
doraitories  when  school  is  in  session.  Holbrook  is  currently  deficient 
about  30  picnic  tables  and  1A  ailes  of  trail.  The  opportwity  to  aake 
joint  recreational  use  of  rights-of-way  required  for  flood  control  was 
investigated  in  this  study. 

Vegetation  Frobleas 

81.  A  highly  saline  surface  water  supply  end  the  tenacity  of  salt 
cedar  prevent  e  diversity  of  vegetation  in  the  Little  Colorado  Riverbed. 
Opportunities  to  enhance  the  natural  environment  by  diversifying  the 
vegetative  cover  and  thereby  providing  a  wore  diversified  visual 
environment  and  also  providing  vegetation  with  additional  food  value  for 
wildlife  should  be  pursued. 

Study  Area 


82.  The  study  area  for  formulation  of  alternative  plans  to  address 
the  water  and  related  problems  and  needs  in  the  vicinity  of  Holbrook  and 
to  assess  the  localised  physical  impact  of  these  plana  includes  the 
Little  Colorado  River  flood  plain  in  the  vicinity  of  Holbrook  and  areas 
upstream  of  the  city  that  my  provide  suitable  sites  for  flood 
aanagaaent  aeesures.  For  purposes  of  assessing  economic,  financial,  and 
other  far  reaching  iapacts,  the  study  area  will  extend  to  the  City  of 
Holbrook,  the  State  of  Arisona,  and  the  Ration  as  a  whole. 

FLAHHIHC  CONSTRAINTS 

83.  Certain  constraints  liait  the  opportunity  to  resolve  problems 
and  needs  as  previously  identified.  These  constraints  include 
financial,  economic,  biological,  social,  and  engineering  considerations. 

Financial 


84.  Holbrook's  tentative  1978-1979  budget  is  about  $3.6  million. 
Host  of  the  operative  budget  is  committed  to  ongoing  programs.  With  a 
1978  population  of  only  5,500,  Holbrook's  liaited  ability  to  fund 
additional  programs  a ay  be  a  constraint. 
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85*  The  major  economic  constraint  is  the  inability  to  f ok— lata  a 
plaa(s)  far  which  the  ban* fit*  ara  in  aacaaa  of  tba  costa,  or  tha 
benefit-cost  ratio  is  grantor  than  1.0. 

>iolo«ic 

86.  Sipiificant  inpacts  on  biologic  systems,  where  tbara  ara  not 
conpoasating  bona  fits,  would  bo  unaccaptabla  and  will  constrain  tha 
ability  to  resolve  problsns.  Kspacially  critical  ara  potential  impacts 
on  threatened  and  ondaagarad  spsciaa,  and  on  the  linitod  diversity  of 
riparian  habitat. 

Social 


87.  Severe  dislocation  of  people,  destruction  of  neighborhoods, 
irritation  of  tha  existing  linitod  housing  surket,  and  other  eocial 
considerations  constrain  the  ability  to  resolve  proble—  and  needs. 
Iasi  dents  on  tha  sooth  side  of  the  river  are  connected  to  do— town 
services  by  the  Stats  hignray  77  bridge.  Although  a  bypass  is  currently 
planned,  nany  who  use  tba  bridge  for  pedestrian  access  to  tom  will 
continue  to  need  the  existing  bridge. 

Safety 

88.  Safety  considerations,  including  the  policy  of  not 
constructing  levees  to  less  than  the  SPF  level  of  protection,  if 
overtopping  and  failure  can  result  in  a  catastrophe,  constrain  the 
study. 

Iatf— .ri.a 

89.  taginoeriag  constraints  include  the  inability  to  find  viable 
da— itee  and  to  inplenent  flood  plain  naaagouant  neasures  that  will 
adequately  provide  for  large  sediment  flows. 

PLAMI SC  OgJBCTIfSS 

90.  The  principal  objective  of  this  study  is  to  reduce  the 
flooding  potential  along  the  Little  Colorado  liver  in  the  to—  of 
Bolbreok.  This  study  will  also  consider  providing  additional 
recreational  facilities,  specifically  family  picnic  areas  and  bicycle 
trails,  within  the  rights-of-vey  required  for  flood  plain  managsm— t 
measures.  The  study  will  evaluate  methods  of  upgrading  the  currently 
substandard  housing  south  of  the  Little  Colorado  liver  in  Holbrook,  and 
also  consider  methods  of  enhancing  tha  diversity  of  riparian  vegetation 
and  related  habitat  within  the  Little  Colorado  liver  in  Holbrook. 
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Section  B 

FORMULATION ,  ASSESSMENT,  AND  EVALUATION  OF  DETAILED 

FURS 

1.  Those  plans  carried  forward  fro*  preliminary  pi  anoint  ware 
studied  in  detail.  The  study  of  these  plans,  the  single-  and  double** 
levee  plans,  and  the  floodproofing  plan,  ia  described  in  the  following 
paragraphs.  A  description,  impact  assessment,  and  implementation 
requirements  are  included  for  each  plan.  A  swary  "System  of 
Accounts,"  a  description  of  the  plan  which  maximises  economic 
efficiency,  and  a  description  of  the  plan  which  maximises  contributions 
to  environmental  quality  are  presented.  Finally,  a  description  of  the 
process  of  choosing  a  selected  plan  is  included.  Flates  B-l,  B-4,  and 
B-8  present  conceptual  drawings  of  the  plans.  The  no-action  alternative 
(base  condition)  is  carried  through  detailed  analysis  as  a  base  to 
compare  alternatives. 

SINGLE-LEVEE  FUN 

Flan  Description 

2.  The  single-levee  plan  would  include  the  following  features  (see 
plate  B-l)t 

°  The  existing  north  levee  would  be  reconstructed.  The  levee 
would  be  raised  and  extended  upstream  and  downstream.  The 
maximini  levee  height  would  be  about  22  feet  above  existing 

ground.  Most  of  the  levee  upstream  from  the  Apache  teilread 

would  be  from  18  to  22  feet  high.  Downstream  from  the  railroad 
bridge  the  maximum  height  would  be  about  13.5  feet,  with  moot 
of  the  levee  12  feet  high  or  lower.  The  levee  mould  extend 
from  a  point  about  6,800  feet  upstream  from  the  Route  77  bridge 
to  a  point  about  12,000  feet  downstream  from  the  bridge,  ending 
just  upstream  from  Leroux  Mesh.  The  levee  would  be  designed  to 
provide  standard  project  flood  (8FF)  protection  (107,000  cubic 
feet  per  second)  from  flows  in  the  Little  Colorado  River  to 
developawnt  on  the  north  side  of  the  river. 

°  The  existing  Apache  Railroad  bridge  would  be  removed  end 

replaced  with  a  similar  bridge  designed  to  pass  the  standard 

project  flood. 

°  The  State  Route  77  bridge  would  reauiin  in  place.  The  decision 
to  leave  the  bridge  in  place  resulted  because  of  a  request  from 
local  interests.  An  economic  analysis  showed  that  leaving  the 
bridge  in  place  was  superior  to  reconstructing  the  bridge,  even 
though  somewhat  greater  levee  heights  would  be  required  because 
of  hydraulic  uncertainties  with  the  bridge  in  place.  Replacing 
the  exiating  brigs  end  the  utility  lines  it  carries  with  e 
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einilar  structure  that  would  vithitaod  a  itandird  project  flood 
would  odd  about  $900,000  to  project  coots.  The  existing  bridge 
io  obsolete  as  *  state  highway  bridge  and  if  destroyed  would 
probably  not  be  replaced  in  its  present  location.  Therefore, 
no  benefits  for  advance  replaeewent  of  the  bridge  can  be 
defend.  A  swell  indeterninate  benefit  would  be  derived  by 
protecting  fee  utility  lines  frau  destruction  by  flood, 
however,  the  utilities  could  be  repaired  or  replaced  and 
protected  at  a  stub  stand  ally  lower  coot  as  need  arises  in  the 
future.  The  existing  niter  gates  in  ths  north  lewee  would  be 
replaced  by  larger  gates. 

The  City  of  Holbrook  has  excavated  and  waitainad  a  low-flow 
channel  extending  from  near  the  Puerco  Hirer  confluence 
downstresn  to  a  point  near  the  Pennance  diversion  structure. 
The  existing  channel  dfeensions  range  fron  alnost  80  feet  to 
over  100  feet  wide  and  fron  3  to  5  feet  deep.  This  channel 
would  be  reconstructed  to  a  consistent  nininun  bottton  width  of 
80  feet,  and  a  uininui  depth  of  4  feet,  having  slopes  3 
horisontsl  to  1  vertical.  The  low-flow  channel  would  enhance 
wove  went  of  sedinent  through  fee  project  area  during  smaller 
flows  and  would  also  function  as  a  pilot  channel  in  directing 
larger  flows  and  restricting  neanders. 

To  insure  that  deposition  caused  by  vegetative  growth  does  not 
reduce  flaw  capacity  significantly  in  the  future  a  cleared 
strip  1,0000  feet  wide  end  15,540  feet  in  length  would  be 
established  and  naintained.  Tha  strip  would  extend  fron  the 
esptraon  Unit  of  the  project  to  about  6,700  feet  downstresn  of 
the  railroad  bridge.  Ths  cleared  strip  would  utilise  the  path 
of  fee  existing  natural  and  low- flew  channels  as  much  as 
possible  to  niniadse  eevirosnantal  dan  age,  future  vegetative 
growth  in  the  cleared  strip  would  be  limited  to  a  height  of  3 
feet,  but  existing  cottonwood  trees  would  be  allowed  to  remain. 

A  54- acre  ponding  area  would  be  required  to  courol  interior 
drainage  (tributary)  flows  assenting  fron  two  drainage  areas 
located  aast  and  north  of  Holbrook.  Runoff  fron  these 
drainages  flew  southward  and  westward  to  coalasce  just  east  of 
tha  old  Havejo  County  fairgrounds  on  the  east  edge  of  town 
where  a  snail  ponding  area  now  exists  behind  the  Santa  fe 
kail  way  nshnnlsssnt  and  the  existing  Corps  of  Kngi  users  Levee, 
which  ore  contiguous  structures  in  this  reach.  A  pend  adequate 
to  store  the  100-year  (1- pare  set- chance)  flood  volwe  fron  the 
two  tributary  areas  would  he  formed  by  eneavnting  the  ares  to 
on  average  depth  of  about  4  feet  below  existing  general  ground 
surface.  This  pond  would  he  drained  by  an  existing  double  4- 
hy  4-feot  culvert,  including  flap  gates  through  uw  railroad 
— Ysutrirt  and  laves.  Ths  culvert  would  be  nodi  find  as 
required  during  construction  of  the  north  levee. 


Acquisition  of  rights-of-way  including  23  acres  for  tbs  north 
levee,  59  acros  for  tha  low-flow  channel  and  cleared  strip,  59 
acres  for  the  north-side  ponding,  area,  and  70  acres  in  the 
evacuation  area  south  of  the  riitr'. 

In  addition  to  rights-of-way  for  construction,  a  permanent 
easement  would  be  required  for  the  entire  riverbed  from  just 
below  the  Puerco  River  confluence  to  just  below  the  Leroux  Hash 
confluence.  The  eaten ent  would  be  designated  as  a  floodway  end 
would  permit  access  for  maintenance  purposes.  The  easement 
would  cover  about  1,027  acraa  (pi.  B-l),  including  232  acres 
over  which  an  existing  easement  was  acquired  for  the  existing 
project  upstream  from  the  Apache  Railroad  Bridge. 

Construction  of  a  levee  on  the  north  side  of  the  river  to 
control  a  standard  project  flood  would  cause  south-aide  water 
surfaces  to  increase  about  0.5  foot  and  3  feet,  respectively, 
during  the  100-year  and  standard  project  floods.  Flood  damages 
on  the  south  aide,  without  additional  protective  measures, 
would  be  increased  927,000  during  the  100-year  flood  and 
9176,000  during  a  standard  project  flood.  Average  aameal 
damages  on  the  south  side  would  be  increased  by  92,000  a  year. 
In  order  to  mitigate  induced  flood  damages,  to  eliadaete 
recurrent  flooding  of  the  south  side  with  the  attendant 
damages,  adverse  social  impacts,  and  personal  danger  to  the 
residents,  and  to  take  advantage  of  an  opportunity  to  upgrade 
substandard  housing  conditions  of  south-side  residents,  about 
57  residences  and  10  businesses  on  the  south  side  of  the  Little 
Colorado  River  which  are  located  below  the  design  water  surface 
(3  feet  below  the  top  of  the  north  levee)  would  he  relocated 
outside  the  poet-project  flood  plain.  Plate  B-l  shows  the  area 
to  be  evacuated.  Most  of  the  residences  between  the  river  and 
Romero  Street  are  substandard  and  would  require  replaeeaMnt 
with  "decent,  safe,  and  sanitary"  housing  in  accordance  with 
the  "Uniform  Relocation  Assistance  and  Real  Property 
Acquisition  Policies  Act  of  1970."  These  reeidents  would 
therefore  qualify  for  supplamantal  housing  payments  ewer  end 
above  the  market  value  of  their  existing  hemes  in  accordance 
with  die  act. 

Utility  relocations  consisting  of  relaying  short  reaches  of 
existing  water,  gas,  and  oil  lines  and  a  telephone  cable.  These 
lines  are  hung  on  the  Route  77  bridge.  A  couple  of  power  poles 
night  have  to  be  reset. 

Recreational  development  would  be  included  with  the  plan  and 
would  consist  of  a  3.7-mile-long  bike  trail  located  on  the 
paved  service  read  of  the  north  levee  and  a  5  acre  picnic  area 
located  in  the  north-side  pending  area.  The  evacuated  area  on 
the  south  side  could  be  an  alternative  site  for  the  picnic  area 
(see  plate  B-8).  The  bike  trail  would  include  2  wooden  shade 
structures  with  drinking  fountains  for  rest  stops.  Appropriate 
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landscaping  for  tlw  trail  «mU  bo  proriM  ao  port  of  tho 
beautification  plan  for  tho  aorth  loroo.  The  picnic  aro a  muU 
ioclado  10  picnic  tablao  with  shade  structures  and  cooking 
onita.  Play  equipMat,  opoi  grass  areas,  and  sanitation 
facilities  would  bo  provided.  Tho  picnic  units  would  bo  raised 
to  above  tho  20-year  flood  level,  floatable  equipment  would  be 
anchored.  Sanitation  facilities  would  bo  protected  to  the 
100-year  flood  level.  Landscaping  with  trees,  shrubs,  and 
grasa  would  be  included  in  the  picnic  area. 


3.  The  following  paragraphs  identify  the  inpacts  that  would  result 
freu  inpl mentation  of  the  single-levee  plan. 

4.  BTIOML  KOOnONIC  ggfgLOPMBT.  hatioml  oconmic  deve  lowest 
(HD)  inparts  include  the  first  coat,  annual  operation  and  maintenance 
coots,  and  aauaal  benefits.  The  first  cost  of  this  plan  is  estimated  at 
10,811,000  (September  1070  prices).  The  annual  operation  and 
mintonaneo  coots  would  be  $54,000.  The  total  annual  coots  of  the 
project,  including  interest  and  amortisation  on  first  costa  (7-1/8—100 
years)  and  operation  and  maintenance,  aro  $713,000.  Tha  annual  costs 
exclude  interest  and  amortisation  on  first  financial  coats  of  $570,000 
for  supplemental  housing  payments  aa  these  payments  are  considered  to 
accrue  intangible  benefits  equal  to  tha  costs  (SS  1165-2-117). 

5.  Tha  annual  benefits  for  the  single- levee  plan  could  be  as 
foil  swot 

Benefits 

Single-levee  plan 
100  yrs — 7-1/8X 

Plead  damage  reduction 
Seduction  in  insurable  loaaos 
Seduction  in  emergency  coots 

Socrwation 

Total 

6.  Tha  B  bams fit- cost  ratio  would  bo  2.3  to  1. 

64.  fust  nation  of  dm  south  aide  is  not  justified  on  a  last  added 
iuerment  basis  (B/C-0.12),  but  is  considered  necessary  to  provide  a 
solution  to  a  severs  existing  social  problem  that  mold  bo  mode  samhat 
nurse  by  construction  of  a  north-side  loom.  (See  "S0CI4L  IFPICTS" 
balm.)  Construction  of  tho  south- side  levee  mas  treated  as  an  integral 
port  of  tho  overall  project  far  purposes  of  oeonoadc  evalua.«ou. 

BMMItU.  SPVBCtS.  An  single-loves  plan  would  disturb 
lamely  lit  acres  of  undisturbed  riparian  and  155  acres  of 
bod  riporim  and  non-riparian  habitat.  Clearing  toe  1,000- foot- 


$1,574,000 

10,000 

10,000 

4,000 

25.000 

$1,623,000 
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wide  strip  would  destroy  about  210  acres  of  dense  phreato phytic 
growth.  Construction  of  the  north  levee  would  destroy  an  estimated  25 
acres  of  transitional  riparian  and  marginal  upland  (disturbed) 
habitat.  About  00  percent  of  the  north  levee  site  consists  of 
moderately  open  stands  of  salt  cedar  with  an  occasional  lot  cruising  of 
cottonwood  trees  less  than  20  feet  tail.  Dense  stands  of  cottonwoods 
(hundreds  to  thousands)  are  adjaeent  to  the  proposed  north  loose 
alinament  but  would  not  bo  affected  by  leone  construction.  The  remaining 
20  percent  of  the  area  consists  of  an  osisting  road  paralleling  the 
railroad  bad  near  the  sewage  settling  poods.  In  this  area,  impacted 
vegetation  would  consist  mostly  of  Rttsiaa  thistle,  l seaweed,  and 
grasses. 

8.  About  5  acres  of  disturbed  upland  habitat  on  the  backside  ef 
the  existing  north  levee  and  about  60  acres  in  the  ponding  area  would  be 
further  disturbed  during  construction. 

9.  Approximately  65  acres  of  disturbed  riparian  habitat  in  the 
riverbed  would  be  disrupted  by  construction  and  uaintainaoaaco  of  the 
low- flow  channel  and  cleared  strip. 

10.  Evacuation  of  the  aouth  side  would  allow  70  acres  of  disturbed 
habitat  to  revert  to  open  space  usee. 

11.  SOCIAL  EFFECTS.  The  single-levee  plan  would  eliminate  the 
threat  of  loss  ef  life,  injury,  and  disaase  from  flood  flows  on  the 
Little  Colorado  tiuer.  Flood  depths  of  up  to  6  and  8  feet  would  be 
coaseon  under  without  project  (base)  conditions  for  the  100-year  and 
standard  project  floods,  respectively.  (See  pi.  A-2.)  Without  the 
project  floodflows  overtopping  the  existing  levee  may  cause  failure  of 
the  levee  resulting  in  sudden  inundation  of  the  City  of  lolbreek.  With 
the  project  the  City  would  be  protected  from  floodflows  up  to  and 
including  the  8PF  (about  the  1,000-year  flood)  on  the  Little  Colorado 
hiver.  (See  pi.  B-2.)  Although  flooding  would  continue  to  occur  from 
tributaries  north  of  town  maxinun  depths  in  developed  areas  ef  1.9  and 
2.0  feet  for  the  100-year  and  8FF  floods  would  not  cause  a  threat 
comparable  to  that  which  currently  exiata.  The  maximum  deptha  would 
occur  only  on  ateep  slopes  where  floes  emanate  from  canyon  mouths  ami  at 
Erie  Street  between  Fourth  and  Sixth  Avenues  where  two  small  stream 
(Streams  A  and  B,  Flats  F-20,  Section  F  of  the  Technical  Appendix) 
coalesce.  Over  the  remainder  of  the  tributary  flood  plain,  SFF  depths 
would  not  exceed  1.5  fast  and  100  year  depths  would  not  exceed  1.0 
feet.  Flooding  between  Wave jo  Boulevard  and  the  ponding  area  would  be 
eliminated  up  to  the  100-year  flood  and  reduced  for  larger  floods.  (See 
pi.  B-3.)  Reduction  of  the  flood  threat  would  reduce  and  in  many  casaa 
eliminate  the  necessity  for  purchasing  flood  insurance,  lessening  that 
financial  burden  upon  residents  and  businesses  currently  sCbjeet  to 
flooding.  The  resulting  financial  savings  and  increase  in  security 
could  lead  to  an  increase  in  the  gusli  ty  ef  life  in  Eel  brook.  The 
present  threat  of  loss  of  life,  injury,  disease,  and  social  disruption 
on  the  south  side  affects  about  57  families,  mostly  black  and  peer. 
Although  the  number  of  people  threatened  on  the  south  side  is  far  lass 


than  on  the  north  side,  the  threat  ia  no  more  acceptable.  The  threat 
can  ha  expected  to  grow  with  future  sedimentation  and  would  be  iucreaaed 
•on outlet  by  cone t ruction  of  a  north-aide  levee  to  control  the  standard 
project  flood.  Construction  of  the  north  levee  would  cause  100-year  and 
standard  project  flood  water  surfaces  to  rise  by  0.5  foot  and  3  feet, 
respectively.  Plow  velocities  would  be  increased  only  slightly  by  the 
increased  depths.  Under  die  single-levee  plan,  the  problem  of  the 
already  existing  untenable  socil  risks  and  induced  flood  damages  on  the 
south  side  would  be  resolved  by  permanent  evacuation  of  existing 
development  up  to  the  design  water  surface. 

12.  The  single-levee  plan  would  require  the  relocation  of  57 
households  and  10  businesses  from  south  of  the  river  to  higher  ground. 
The  design  water  surface  profiles  were  determined  by  increasing  the 
computed  water  surface  elevations  (with  future  sediment  sllowanees)  by 
an  additional  3.0  feet  upstream  from  the  highway  bridge  to  account  for 
the  indeterminable  effect  of  the  bridge  on  major  floodflows.  Downstrem 
from  the  highway  bridge  the  computed  values  represent  the  design  water 
surface  elevations. 

13.  The  low- income  com  unity  that  would  be  affected  by  the 
relocations  is  composed  largely  of  substandard  housing.  The  residents 
are  mostly  black  and  poor.  The  plan  would  require  the  virtual 
destruction  of  this  crmunity.  However,  the  plan  would  also  provide  an 
opportunity  to  improve  housing  conditions  for  the  people  displaced.  The 
"Uniform  Helocation  Assistance  and  Real  Property  Acquisition  Policies 
Act  of  1970"  provides  for  supplemental  payments  of  up  to  $15,000  to 
homeowners  living  in  their  haes  and  up  to  $4,000  foe  renters.  These 
payments  would  be  nade  in  addition  to  the  fair  market  value  of  the 
property  acquired.  Supplemental  payments  would  be  paid  so  that  persons 
who  occupy  substandard  housing  may  acquire  decent,  safe,  and  sanitary 
housing  if  replacement  in  kind  would  be  substandard.  Although  upgrading 
of  housing  conditions  for  people  displaced  by  this  plan  would  be  a 
social  benefit,  seme  adverse  effects  could  also  result.  Many  of  the 
people  who  would  be  displaced  would  prefer  to  stay  in  their  present 
nei^borhood  rather  than  move,  despite  the  opportunity  for  improved 
housing.  This  sentiment  was  expressed  at  a  public  meeting,  because 
supplemental  payments  are  limited,  relocations  may  cause  a  financial 
burden  on  the  people  relocated  if  the  payments  are  not  adequate  to 
purchase  replacement  housing. 

14.  The  fmi  lies  to  be  relocated-  probably  could  not  afford  a 
significant  incrase  in  rant  or  mortgage  payments.  Even  with  the 
completion  of  mits  3  and  4  at  the  Cholla  Power  pi  ant,  housing  will 
probably  be  limited  in  the  Holbrook  area,  and  finding  replacement 
housing  could  be  difficult.  Construction  of  new  housing  as  part  of  the 
project  might  be  required.  If  adequate  rental  units  were  not  available 
at  the  time  of  project  implementation,  renters  could  present  a  special 
problem.  The  city  would  probably  be  very  reluctant  to  construct  and 
administer  new  rental  housing.  The  number  of  relocations  involved  ia 
implementing  the  single-i  ."fee  plan  would  undoubtedly  cause  inflationary 
pressure  on  the  Holbrook  housing  market.  At  the  same  time  the  shortage 
of  housing  would  probably  require  the  use  of  housing  costing  more  than 


the  people  relocated  could  afford  to  pay,  even  with  the  supplemental 
payments  required  by  the  1970  Act.  This  situation  could  result  in  some 
of  the  relocated  homeowners  eventually  losing  their  homes.  The  long¬ 
term  effect  on  renters  is  impossible  to  assess. 

15.  Other  social  effects  of  the  single-levee  plan  would  include  a 
short  tens  increase  in  noise  during  construction.  The  north  levee?  at  a 
maximum  height  of  22  feet  aboveground  on  the  landward  side,  would  impair 
views  of  the  river  from  much  of  the  city.  However,  existing  levee, 
railroad  embankment,  and  associated  development  currently  obstruct  the 
view,  although  to  a  lesser  extent. 

16.  REGIONAL  DEVELOPMENT.  Regional  development  effects  of  the 
single-levee  plan  would  include  positive  short-term  increases  in 
employment.  This  plan  would  require  approximately  220  person-weeks  of 
unskilled  labor,  with  12  laborers  employed  during  peak  construction. 

17.  During  the  evacuation  of  the  south  side  the  local  tax  base 

will  be  reduced.  However,  the  increased  demand  for  housing, 

supplemental  housing  payments,  and  reduced  flood  threat  should  increase 
the  tax  base  in  the  long  run. 

18.  The  non-Federal  financial  share  of  project  first  costs, 

including  a  5  percent  share  of  first  costs  assigned  to  the  state,  would 
be  $2,478,000  (September  1979  prices)  in  accordance  with  the  President's 
water  policy.  The  cost  to  Holbrook  for  flood  control  would  be 
$1,946,000  (20  percent  of  total  first  costs);  Holbrook's  recreation 

costs  would  be  $41,500  (50  percent  of  total  first  costs).  The  State  of 
Arizona  is  authorized  by  State  Senate  Bill  1104  to  reimburse  up  to  50 
percent  of  non-Federally  supported  costs  for  lands,  easements,  and 
rights-of-way  for  a  Federal  flood  control  project,  an  amount  estimated 
at  $973,000.  This  state  help  would  reduce  Holbrook's  flood  control 
contribution  to  $973,000.  However,  in  accordance  with  the  President's 
policy,  the  state  would  be  required  to  contribute  5  percent  of  the  first 
cost  of  the  project,  an  amount  estimated  at  $490,200  ($486,000  for  flood 
control;  $4,200  for  recreation).  The  city  of  Holbrook  would  operate  and 
maintain  the  project  at  an  annual  cost  of  $54,000  ($44,000  for  flood 
control;  $10,000  for  recreation). 

19.  WILDLIFE  MITIGATION  REQUIREMENTS .  Mitigation  requirements  for 
the  single-levee  plan  were  established  through  consultation  with  U.S. 
Fish  and  Wildlife  Service  (see  appendix  2  of  this  report,  the  U.S.  Fish 
and  Wildlife  Service  "Draft  Coordination  Act  Report").  These 
requirements  were  established  to  minimize  project  impacts  on  fish  and 
wildlife  resources  while  maintaining  the  functional  integrity  of  the 
project.  Following  are  mitigation  features  of  the  plan. 

0  On  each  side  of  the  low-flow  channel,  and  about  midway  between 
the  low-flow  channel  and  the  outer  edge  of  the  cleared  strip,  a 
30-foot  wide  strip  would  be  left  uncleared.  This  strip  would 
begin  about  300  feet  downstream  of  the  Apache  Railroad  bridge 
and  extend  downstream  to  the  end  of  the  cleared  strip.  The 


purpose  of  the  uncleared  strips  would  be  to  aitigate  losses  of 
wildlife  cover  which  allows  movement  from  river  bank  and  upland 
areas  to  the  river. 


Locating  the  uncleared  strips  midway  between  the  channel  and 
the  edges  of  the  cleared  strip  would  greatly  reduce  the  total 
distance  from  cover  for  wildlife  migrating  from  upland  areas  to 
the  river  bank. 

0  About  500 — 1,000  Fremont  cottonwood  and  Goodding  willow  trees 
from  3  to  5  feet  high  would  be  planted  about  25  feet  south  of 
the  toe  at  the  north  levee  and  in  stream  meanders  downstream  of 
the  Apache  Railroad  bride.  None  of  this  planting  would  be 

accomplished  inside  the  cleared  strip. 

°  The  cleared  strip  would  be  planted  with  broadcast  stolons  of 
saltgrass  and  alkalid  sacaton.  The  cleared  area  would  be  mowed 
in  strips.  These  grasses  would  provide  diversified  habitat, 
and  would  inhibit  growth  of  larger,  flow  impeding  growth.  To 
prevent  disturbing  the  entire  area  each  year,  a  program  of 
mowing  a  strip  approximately  one-third  of  the  total  area  each 
year  would  be  established.  This  selective  mowing  would  meet 
the  requirements  of  limiting  the  height  of  growth  to  3  feet. 
This  rotational  mowing  plan  would  also  help  the  city  to  balance 
its  yearly  operation  and  maintenance  expenditures. 

o  No  additional  real  estate  interests  are  required  for 
mitigation. 

Evaluation  and  Trade-Off  Analysis 

20.  The  following  section  presents  the  plan’s  fulfillment  of  the 
planning  objectives  and  response  to  evaluation  criteria. 

21.  PLANNING  OBJECTIVE  FULFILLMENT.  The  following  paragraphs 
describe  how  the  single-levee  plan  fulfills  the  planning  objectives 
established  earlier  in  the  study. 

22.  Reduction  of  Flooding.  This  plan  would  reduce  flooding  from 
the  Little  Colorado  River  up  to  the  standard  project  flood. 
Construction  of  the  ponding  area  for  interior  drainage  would  reduce  the 
potential  for  flooding  in  Holbrook  caused  by  tributaries  north  and  east 
of  the  city. 

23.  Recreation.  Construction  of  a  bike  trail  and  picnic  areas 
would  be  part  of  this  plan  and  would  enhance  recreational  opportunities 
in  Holbrook. 

24.  Housing.  Evacuation  of  the  south  side  would  provide  an 
opportunity  to  improve  housing  for  57  families,  about  half  of  which  are 
homeowners.  Although  housing  availability  is  uncertain  at  this  time 
there  is  no  doubt  that  the  plan  would  increase  the  quality  of  housing  in 
Holbrook. 


25.  Diversifying  Vegetation.  Clearing  salt-cedar,  planting 
grasses,  and  planting  cottonwood  and  willow  would  help  to  diversify  the 
vegetation  in  the  Little  Colorado  Riverbed. 

26.  EVALUATION  CRITERIA.  A  diaeuaaion  of  how  this  plan  meets  the 
evaluation  criteria  of  acceptability,  completeness,  effectiveneaa  and 
efficiency,  continuity,  certainty,  geographic  scope,  reversibility,  and 
stability  follows. 

27.  Acceptability.  The  single-levee  plan  is  acceptable  to  aost  of 
the  population  of  Holbrook.  Meetings  with  the  City  of  Holbrook  indicate 
a  reluctance  to  prefer  this  plan  because  of  the  nuaber  of  relocations 
involved.  The  faailies  that  would  be  relocated  are  soaewhat  reluctant 
to  accept  this  plan,  because  they  are  unsure  of  the  availability  of 
alternative  housing.  Soae  of  the  faailies  that  would  be  relocated  have 
very  low  incoaes  and  feel  that  they  could  not  afford  any  increase  in 
housing  cost,  even  though  iaproved  housing  would  be  provided.  The 
single-levee  plan  is  unacceptable  to  the*e  people.  Vithout  state  aid, 
funding  requireaents  could  aake  this  plan  unacceptable  to  locals. 

28.  Ccapleteness.  Continued  aaintenance  of  the  plan  eleaents 
would  be  required.  No  other  investaents  would  be  required  to  achieve 
the  outputs  of  the  plsn. 

29.  Effectiveness  and  Efficiency.  This  plan  is  the  least  costly 
way  of  providing  the  outputs  and  aeeting  the  planning  objectives 
above.  The  benefits-cost  ratio  is  2.3  to  1.0. 

30.  Certsinty.  It  is  uncertain  whether  iapleaentation  of  this 
plan  would  neet  the  objective  of  iaproved  housing  because  of  probleas 
previously  discussed.  It  is  likely  that  the  plan  would  achieve  the 
planning  objectives  of  reduced  flood  daaages,  increased  recreational 
opportunities,  and  diversified  vegetation. 

31.  Geographical  Scope.  Except  for  the  costs  to  be  borne  by  the 
general  taxpayer  (75  percent  of  total  project  first  coat)  and  the  State 
of  Arisons  (at  least  5  percent  of  total  first  cost)  the  effects  of  the 
project  would  be  liaited  to  the  study  area  of  Holbrook  and  its  iaaediate 
vicinity. 


32.  Reversibility.  Once  this  plan  is  built,  the  resources  would 
be  coaaitted  and  there  would  be  little  ability  to  reverse  the  effects  of 
the  plan  without  incurring  additional  investment. 

33.  Stability.  This  plan  accosaiodates  a  range  of  alternative 
futures.  The  plan  would  discourage  evacuation  of  the  north  side  pre¬ 
project  flood  plain  and  would,  in  fact,  encourage  renovation  and 
upgrading  of  existing  structures  in  that  area.  The  south  side  flood 
plain  would  be  evacuated  in  perpetuity. 

Implementation  Responsibilities 

34.  The  following  paragraphs  discuss  cost  apportionment  for  the 
single-levee  plan  and  the  separation  of  responsibilities  between  Federal 
and  non-Federal  interests. 
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35.  COST  APPORTIONMENT.  Cost  apportionaent  between  Fedeal  and 
non- Federal  entities  is  based  on  existing  legislation  and  policy. 
Current  policy  includes  cost-sharing  proposed  by  President  Carter  in  his 
June  1978  water  policy  ness age  to  Congress.  All  costs  are  based  on 
September  1979  price  levels.  The  total  first  oost  of  the  project  is 
estiaated  at  $9,811,000  ($9,728,000  for  flood  control;  $83,000  for 
recreation).  Annual  operation  and  aaintenance  costs  are  estiaated  at 
$5$, 000  ($$4,000  for  flood  control;  $10,000  for  recreation). 

36.  Federal .  The  Federal  oost  for  the  single-levee  plan  would 
include  75  percent  of  total  first  cost  for  flood  control.  The  Federal 
Government  would  also  pay  45  percent  of  recreation  facilities  oost. 

37.  Mem-Federal .  The  State  of  Arizona  would  pay  5  percent  of 
total  first  costs  for  flood  control  and  recreation.  The  City  of 
Holbrook  would  pay  20  percent  of  first  flood  control  costs  and  50 
percent  of  recreation  facilities  costs.  Under  existing  State  law, 
Holbrook  could  be  reimbursed  by  the  State  for  a  portion  of  its  costs. 
The  city  would  also  be  responsible  for  operation  and  aaintenance  of  the 
project  at  an  estiaated  cost  of  $54,000  ($44,000  for  flood  control  and 
$10,000  for  recreation). 

38.  The  following  tables  show  cost  apportionaent  for  the  single 
levee  plan  under  the  President's  water  policy  and  under  existing  law. 

TABLE  B-la 


CALCULATION 

OF  MITIGATION  OOST  APPORTIOMNT 
Single  Levee  Plan 

Flood  Control 

Construction 

Lands  A  Relocation 
Operation  A  Maintenance 
(capitalized) 

Total 

Federal 

4,181,000 

2,154,000 

-O- 

Ron-Federal 

-0- 

3,308,000 

617.000 

Total 

6,335,000 

3,925,000 

10,260,000 

Contribution  of  local  interests  towards  mitigation 
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Cost  Apportionment 
8in|lfltvM  Plan 


Item 


First 

Cost 


Federal 

Share 


Flood  Control 

Construction  $4,181,000 

Lands  and  relocations  5,462,000 

Vildlife  mitigation  85.000 

Total  (traditional  coat  $9,728,000 
sharing  baaed  on 
existing  law) 

Adjustment  for  Federal 

reimbursement  for  coats  in 
excess  of  20  percent  of 
flood  damage  reduction 
costs  — 

Adjusted  subtotals  $9,728,000 

Adjustment  for  5  percent 
non-Federal  (State 
contribution)  of  total 
first  costs  — 

Adjusted  totals— flood 

control  $9,728,000 

Recreation  (traditional  cost 

sharing  $  83,000 

Adjustment  for  5  percent 
non-Federal  (State 
contribution)  of  total 
first  cost  — 

Adjusted  totals— recreation  $  83,000 


$  4,181,000 
2,154,000 
52.000 
$  6,387,000 


$+3,566,000 
$  7,782,000 

$  -486,000 
$  7,296,000 
$  41,500 

$  -4,200 

$  37,300 

(say  $37,000) 


Adjusted  project  first 
costs 


$9,811,000  $  7,333,000 


Ron-Federal 

Share 

- 1 - 


$  # 

3,308,000 
33.000 
$  3,341,000 


$-3,566,000 
$  1,946,000 

$  +486,000 
$  2,432,000 
$  41,500 

$  +4,200 

$  45,700 

(say  $46,000) 

$  2,478,000 
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39.  SEPARATION  OF  RESPONSIBILITIES.  Following  is  a  summary  of  the 
division  of  implementation  responsibilities  between  Federal  and  Non- 
Federal  interests. 

AO.  Federal.  In  addition  to  its  financial  responsibility,  the 
Federal  Government  would  design,  prepare  detailed  plans,  and  administer 
contracts  for  construction  of  the  project. 

41,  Non-Federal.  In  addition  to  financial  responsibilities,  the 
City  of  Holbrook  would  be  responsible  for  the  actual  acquisition  of 
:  .ghts-of-way  and  the  performance  of  the  relocations  of  utilities, 
highways,  and  structures.  Thev  would  be  responsible  for  actual 
performance  of  project  operation  and  maintenance.  Local  Interests  would 
also  be  required  to  prescribe  and  enforce  regulations  to  prevent 
obstruction  or  encroachment  on  the  project’s  flood  carrying  capacity  for 
the  proper  functioning  of  the  project. 

DOUBLE-LEVEE  PLAN 

42.  The  double-levee  plan  is  similar  to  the  single-levee  plan  in 
some  respects  and  differs  in  others.  In  the  following  plan  description, 
the  elements  that  are  the  same  or  virtually  the  same  as  the  single-levee 
plan  are  marked  with  a  +  sign. 


Plan  Description 


43.  The  double-levee  plan  would  include  the  following  features 
(see  plate  B-4): 


0  The  existing  north  levee  would  be  reconstructed.  The  levee 
*  would  be  raised  and  extended  upstream  and  downstream.  The 
maximum  levee  height  would  be  about  23  feet  above  existing 
ground.  Most  of  the  levee  upstream  from  the  Apache  Railroad 
would  be  from  18  to  23  feet  high.  Downstream  from  the  railroad 
bridge  the  maximum  height  would  be  about  13.5  feet,  with  most 
of  the  levee  12  feet  high  or  lower.  The  levee  would  extend 
from  a  point  about  6,800  feet  upstream  from  the  Route  77  bridge 
to  a  point  about  12,000  feet  downstream  from  the  bridge,  ending 
just  upstream  from  Leroux  Wash.  The  levee  would  be  designed  to 
provide  standard  project  flood  (SPF)  protection  (107,000  cubic 
feet  per  second)  from  flows  in  the  Little  Colorado  River  to 
development  on  the  north  side  of  the  river. 


Construction  of  a  levee  on  the  north  side  of  the  river  to 
control  a  standard  project  flood  would  oause  south  side  water 
surfaces  to  increase  about  0.5  foot  and  3  feet,  respectively, 
during  the  100-year  and  standard  project  floods.  Flood  damages 
on  the  south  side,  without  additional  protective  measures  would 
be  Increased  A 27, 000  during  the  100-year  flood  and  4176,000 
during  a  standard  project  flood.  Average  annual  damages  on  the 
south  side  would  be  Increased  by  42000  a  veer.  In  order  to 
mitigate  Induced  flood  damages,  to  eliminate  recurrent  flooding 
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of  the  south  side  with  the  rttvlnt  dosages,  »<nrn  social 
inpects,  and  personal  dan  par  to  the  residents,  and  to  taka 
advantage  of  an  opportunity  to  vggrsde  substandard  housing 
conditions  of  sene  south- si da  residents.  A  lavas  would  be 
constructed  on  the  south  side  of  the  river.  This  levee  would 
be  a  naxinun  of  23  feet  high  and  would  extend  fren  the  Apache 
Kail road  eubaabweat  about  3,400  feet  eastward  and  then  hook 
southward  to  higher  ground  (total  length  ■  3,000  feet). 
Construction  of  the  levee  would  require  relocation  of  nine 
substandard  residences  and  two  businesses  (this  caaperes  with 
relocation  of  57  residences  and  10  businesses  far  the  single¬ 
levee  plan). 

The  existing  Apache  Kailroad  bridge  would  be  renewed  and 
replaced  with  a  siailar  bridge  designed  to  pass  the  standard 
project  flood. 

The  State  Route  77  bridge  would  rcuain  in  place.  The  decision 
to  leave  the  bridge  in  place  resulted  because  of  e  request  fren 
local  interests.  An  econouic  study  showed  that  leaving  the 
bridge  in  place  was  slightly  superior  to  reconstructing  the 
bridge,  even  though  ssnewhat  greater  levee  heists  would  be 
required  because  of  hydraulic  uncertainties  with  the  bridge  in 
place.  The  existing  niter  gates  in  the  north  levee  would  be 
replaced  by  larger  gates,  and  a  niter  gate  would  be  included  in 
the  south  levee.  Replacing  the  existing  bridge  and  the  utility 
lines  it  carries  with  a  siailar  structure  that  would  withstand 
a  standard  project  flood  would  add  about  $250,000  to  project 
costs.  The  existing  bridge  is  obsolete  as  a  state  highway 
bridge  and  if  destroyed  would  probably  not  be  replaced  in  its 
present  location.  Therefore,  no  benefits  for  advance 
replaeeaant  of  die  bridge  can  be  cleiaed.  A  snail 
iadeterniaate  benefit  would  bo  derived  by  protecting  the 
utility  lines  fren  destruction  by  flood,  however,  the  utilities 
could  be  repaired  or  replaced  and  protected  at  a  substantially 
lower  cost  as  need  arises  in  the  future. 

The  City  of  Holbrook  has  excavated  and  naintained  a  low- flow 
channel  extending  fren  near  the  Puerco  River  confluence 
downs tr eon  to  a  point  near  the  Peasants  diversion  structure. 
The  existing  channel  dinensions  range  fren  alnost  $0  feet  to 
over  100  feet  wide  and  fron  3  to  5  feet  deep.  This  channel 
would  be  reconstructed  to  a  consistent  nininsn  button  width  of 
80  foot,  and  a  nlniawu  depth  of  4  feet,  having  sida  clepea  3 
horisontal  to  1  vertical.  The  low- flow  channel  would  enhance 
■oven sat  of  sediaent  through  the  project  area  daring  snaller 
flews  and  would  also  function  ae  a  pilot  channel  in  directing 
larger  flows  and  restricting  Menders. 

To  insure  that  vegetative  growth  does  not  reduce  flew  eepeeity 
significantly,  a  clearad  strip  1,000  fast  wide  and  15,540  feet 
in  length  would  be  established  and  naintained.  The  strip  would 


«xtaai  froa  the  apatna  liait  of  the  project  to  about  6,700 
foot  dowstreaa  of  tho  railroad  bridge.  Ka  cleared  atrip 
waald  atilUt  the  path  of  the  esietiag  aetaral  aai  lev-flow 
dkmmmU  aa  auch  aa  poesible  to  uiainixe  oaviroansatal  daugi. 
ratara  vegetative  growth  ia  the  cleared  atrip  would  be  United 
Ow  •  height  of  3  feet,  but  esietiag  cottonwood  trees  would  be 
allowed  to  cewaia. 

9  i  39~acre  paadiag  area  would  be  required  to  control  interior 

♦  drainage  (tributary)  flow  Sanaa  ting  frsa  two  drainage  arena 

located  east  aai  north  of  lolbrook.  Runoff  froa  these 
drainages  flow  southward  and  westward  to  coalesce  just  eaat  of 
the  Old  Rasajo  County  Fairgrounds  an  the  east  edge  of  the  city 
where  a  saall  ponding  area  new  exists  behind  the  Santa  Fe 
Kailway  iwhenhaant  aad  the  exiatiag  Corps  of  Engineers  Lewee, 
which  axe  contiguous  structures  ia  this  reach.  A  pond  adequate 
to  store  the  100-year  ( 1 -per cent- chance )  flood  solve  froa  the 
two  tributary  areas  would  be  foiaed  by  excavating  the  area  to 
v  average  depth  of  about  4  feet  below  the  existing  general 
ground  surface.  This  pond  would  be  drained  by  aa  existing 
dabble  4-foot  by  4-foot  flap  gated  culxert  through  the  railroad 
unbanhaaet  aad  lewee.  The  culvert  would  be  nodi  tied  as 
required  during  construction  of  the  worth  lewee. 

°  Acquisition  of  righto  of  any  including  23  acres  for  the  north 
lawae,  59  acres  for  the  low-flow  channel  aad  cleared  atrip,  $9 
scree  far  As  aorth-eido  ponding  area,  aad  20  acres  for  the 
south  louse  aad  south  side  interior  drainage  channel.  These  20 
acres  reapers  with  70  acres  required  for  the  evacuation  area  in 
the  single-levee  plan.  Balneation  of  9  sub- standard  residences 
aad  2  businesses  would  be  required  for  construction  of  the 
south  lewee.  The  residences  are  substandard  aad  would  require 
replacaaent  with  "decent,  safe,  aad  sanitary  11  housing  in 
accordance  with  the  "Uaifoca  Relocation  Assistance  aad  Keal 
Property  Acquisition  Policies  Act  of  1970."  These  residents 
waald,  therefore,  qualify  for  unpplswental  housing  pay sate 
osar  aad  above  the  market  seine  of  their  exiatiag  banes  in 
accordance  with  the  act. 


Ia  addition  to  riyto  of  way  for  construction,  a  permanent 

♦  flonage  aaavant  would  be  required  for  the  entire  riverbed  from 
just  below  tho  Puerco  Kiser  confluence  to  just  below  the  Leroux 

■as taunt  muTcownr^aheat *1^027  l^eT"( pl!"»^4> , ’including  232 
acres  osar  which  aa  existing  aaoaaaat  was  acquired  for  the 
exiatiag  project  epatroaa  (tea  tho  Apache  Railroad  Bridge. 

♦  gtftlity  re  locations  coaoiotiag  of  relaying  short  reaches  of 

♦  exiatiag  water,  gae,  aad  oil  lines  and  a  telephone  cable. 
These  lines  are  bong  on  the  Renta  77  bridge*  A  couple  of  power 
poles  ^^t  have  to  be  reset. 
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Recreational  development  would,  be  included  with  the  plan  end 
would  cone i at  of  e  3.7-wile-long  bike  trail  located  on  tha 
paved  service  road  of  tha  north  levee  end  a  5- acre  picnic  area 
located  in  the  north  side  ponding  aree.  The  evacuated  area  on 
the  couth  aide  could  be  an  alternative  site  for  the  picnic  area 
(see  plate  1-8).  The  bike  trail  would  include  2  wooden  shade 
structures  with  drinking  fountains  for  rest  stops.  Appropriate 
landscaping  for  the  trail  would  be  provided  as  port  of  tha 
beautification  plan  for  the  north  levee.  The  picnic  area  would 
include  10  picnic  tables  with  shade  structures  and  cooking 
units.  Play  equipment,  open  pass  areas,  and  sanitation 
facilities  would  be  provided.  The  picnic  units  would  be  raised 
to  above  the  20-year  flood  level.  Floatable  equipnent  would  be 
anchored.  Sanitation  facilities  would  be  protected  to  the 
100-year  flood  level.  Landscaping  with  trees,  shrubs,  and  gross 
would  be  included  in  the  picnic  area. 


Impact  Assessment 

44.  NATIONAL  ECONOMIC  DEVELOPMENT.  National  economic  development 
(ISO)  impacts  include  the  first  cost,  operation  end  maintenance  costs, 
and  annual  benefits.  The  first  cost  of  this  plan  is  estimated  at 
29,634,000  (September  1979  prices).  The  annual  operation  and 
maintenance  costs  would  be  859,000.  The  total  annual  costs  of  the  plan, 
including  interest  and  amortisation  on  first  costs  (7-1/82—100  years) 
end  operation  end  maintenance,  but  eneluding  the  interest  and 
amortisation  on  supplemental  housing  costs  ($11,000  par  aanas),  are 
$735,000.  The  annual  costs  enelude  interest  end  amortisation  on  first 
financial  costs  for  supplemental  housing  payments  of  $185,000. 
(U  1185-2-117) 


45.  The  annual  benefits  for  the  double-levee  plan  aret 


Benefits 

Double-levee  plan 
100  yrs— 7-1/82 


Flood  damage  reduction 

Reduction  in  insurable  losses  (south  side) 
Reduction  in  amargsney  costs  (south  side) 
Employment 
Recreation 

Total 


$1,587,000 

5,000 

2,000 

4,000 


25.000 

$1,624, Oft 


46.  The  KD  benefit-cost  ratio  would  be  2.2  to  1. 

47.  Construction  of  a  lavas  on  the  south  side  is  not  justified  on 
a  last  added  increment  basis  (8/00.15),  but  is  considered  necessary  to 
provide  a  solution  to  a  severe  satiating  social  problem  that  mould  he 
node  sen  outlet  worse  by  construction  of  a  north-side  levee.  (Sea  "SOCIAL 
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W**)»  Construction  of  tho  •oath— side  Iww  vu  tnittd  m  u 
integral  pert  of  tho  owsrall  project  for  purposes  of  •  concede 
evaluation. 

Blf IMHrlUHAL  KFFKCU.  lha  fpaklr-loot  flaa  would  disturb 
apprsxinately  210  acroo  of  undisturbed  riparian  habitat  and  17S  acre*  of 
di  star  bad  riparian  and  non-riparian  habitat.  Kavirtf  antal  of  foots  of 
the  double- lewse  plan  would  he  similar  to  tho  single-levee  plan  except: 

9  The  south-levee  and  interior  draiaaai  channel  would  affect 

ahowt  20  acres  that  haws  1 ini ted  natural  growth.  A  locally 
contracted  flood  protection  ehbanlsMat  south  of  the  riser  has 
highly  disturbed  the  area  and  elini anted  nost  natural  wildlife 
habitat. 

9  Where  as  the  single-lease  plan  would  allow  70  acres  to  resort  to 

open  space  uses,  the  dowble-lesee  plan  would  not  haws  this 
effect. 

49.  1QCUL  EFfBCfS.  Flood  depths  of  up  to  4  and  •  feat  could  be 

expected  on  both  sides  of  tho  riser  under  no  action  (bass)  conditions 
for  the  100  year  and  standard  project  floods,  roopuctissly,  on  the 

Little  Colorado  Kiwer.  The  double- lesue  plan  would  elinia ate  this 

ha  sard  and  reduce  the  socially  unacceptable  threat  of  loos  of  life, 
injury,  and  disease  in  ■olhrook.  Quarto pping  could  result  in  failure  of 
the  existing  Iowan  and  sudden  inundation  of  the  city.  Iho  double- 1  esse 
plan  would  alienate  this  hasard  for  floods  up  to  and  including  the 
standard  project  flood,  (foe  pi.  1-5. )  Although  local  flooding  can  he 
expected  to  occur  frsn  tributaries  north  and  east  of  the  city,  wasiaM 
flood  depths  of  2.0  and  1.9  foot  for  the  fPF  and  100-year  floods  would 
not  pose  a  throat  c separable  to  that  which  currently  exists  freu  flows 
on  the  Little  Coloreds  Kiwer.  (toe  pi.  B-4.) 

50.  The  present  threat  of  loos  of  life,  injury,  disease,  and 

social  disruption  ou  the  south  aids  effects  about  37  fwlies,  nest  of 
whoai  are  black  and  poor.  Altheu0i  tho  nusber  of  people  threatened  on 
the  sooth  side  is  far  less  than  on  tho  north  side,  the  threat  is  no  non 
acceptable.  The  threat  can  he  expected  to  grow  with  future 

north- si  do  louse  to  control  tho  standard  project  flood.  Construction  of 
the  north  louse  would  cause  10Q- year  and  standard  project  flood  water 
surfaces  to  rise  by  0.S  foot  and  3  feet,  res pact! wely.  Flow  salacities 
would  ho  increased  only  eli^tly  by  the  Increased  depths.  Voder  the 
dswble-lewee  plan,  tho  ptoblene  of  tho  aready  existing  untenable  social 
risks  and  induced  flood  danagso  an  the  south  aide  would  ho  resolusd  by 
construction  of  a  louse  to  protect  south  aide  deuelapnant. 

51.  Aa  ssnpared  to  the  si^lo-louso  plan,  the  desk*  -louse  plan 

Chan  thsTreleeatien  of  57  hsuoaa  and  10  businesses  required  by  the 
single! owns  plan.  This  would  roduoo  the  appartiity  to  upgrade 
substandard  housing.  Vows  sat,  a  United  opportunity  wow. ’  exist  under 
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th«  double- laves  plan  and  it  would  ba  nor*  probabla  that  adequate 
altarnatiwB  housing  would  ba  available.  Tha  couth  levee  would  protact 
tha  couth- aid#  com  unity  and  tha  reduction  of  tha  flood  throat  would 
cncourapc  upgrading  of  tha  houaing  atock. 

52.  Tha  levees  would  ba  a  aaiiaia  of  23  fact  high,  and  would 
in pair  viawa  acroaa  tha  riwar. 

53.  REGIOMAL  DBVBLOftflWT.  The  double-levee  plan  would  require 
approximately  256  person-weeks  of  unakilled  labor,  with  16  laboxora 
employed  during  peak  eonatruction. 

56.  Tha  non-Federal  financial  ahara  of  project  firet  coata, 
including  a  5  percent  ahara  of  firat  coata  assigned  to  tha  atata,  would 
ba  $2,634,000  (September  1979  pricea)  in  accordance  with  tha  President's 
water  policy.  The  coat  to  Holbrook  for  flood  control  would  ba 
$1,910,000  (20  percent  of  total  firat  coata);  Holbrook' a  recreation 
coata  would  ba  $61,500  (50  percent  of  total  firat  coata).  Tha  State  of 
Arisona  ia  authorised  by  State  Senate  Bill  1106  to  reinburce  up  to  50 
percent  of  non-Pedorally  supported  coats  for  lands,  easements,  and 
right c-of-wcy  for  a  Federal  flood  control  project,  an  amount  estimated 
at  $955,000.  This  state  help  would  reduce  Holbrook's  flood  control 
contribution  to  $955,000.  However,  in  accordance  with  the  President's 
policy,  the  state  would  be  required  to  contribute  5  percent  of  the  firat 
coat  of  the  project,  au  amount  estimated  at  $482,200  ($678,000  for  flood 
control;  $6,200  for  recraation). 

55.  The  city  of  Holbrook  would  also  be  responsible  to  operate  and 
maintain  the  project  features  at  a  coat  of  $59,000  annually  ($69,000  for 
flood  control;  $10,000  for  recreation). 

Wildlife  Mitigation  Requirements 

56.  Mitigation  requirements  for  the  double- levee  plan  would  be 
identical  with  the  single-levee  plan. 

Evaluation  and  Trade-Off  Anlavaia 

57.  FLAMMING  OBJECTIVE  FULF1LLMRT.  The  following  paragraphs 
describe  the  degree  to  which  the  double-levee  plan  fulfills  the  planning 
objectives. 


58.  Reduction  of  Floodinn.  8 one  aa  single-levee  plan  sseept  that 
development  maining  in  aouth  side  flood  plain  would  be  subject  to 
flooding  from  flooda  in  enceas  of  the  standard  project  flood. 

59.  Recreation.  Same  as  single-lavee  plan. 

60.  Houaing.  Construction  of  aouth  laves  would  require  evacuation 
of  9  substandard  houses.  This  would  create  an  opportunity  to  provide 
safe  and  aanitary  houses  for  these  families  through  supplemental  housing 
payments. 
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•2.  CTILIUTIGR  CintIU.  A  discession  of  hov  the  double-levee 
plan  neats  the  evaluation  criteria  follow. 


03.  Acceptability.  This  plan  appears  to  be  acceptable  to  the 
concerned  publics,  bet  acceptability  is  dependent  upon  state  and/or 
county  assistance  toward  funding  the  local  cost  share. 

04.  Ccnpleteneee.  Continued  nsintenance  of  the  plan  would  be 
enquired.  The  plan  is  otherwise  conplete. 

03.  Effectiveness  and  Efficiency.  This  plan  has  an  overall 
bew fit- coat  ratio  of  2.2  to  1.  Based  on  snaiusl  charges  and  the 
bene  fit -coat  ratio,  this  plan  is  not  quite  as  efficient  as  the  siagle- 

lewse  plan. 

00.  Certainty.  It  is  lihaly  the  plan  will  achieve  the  planning 
objectives  and  provide  the  outputs  anticipated. 

07.  Ceoxrashical  Swan.  Eaeept  for  Federal  and  State 

contributions  far  funding,  project  affects  would  be  liuited  to  the  study 

area. 


OS.  levereibilitr.  Once  this  plan  is  constructed,  resources  will 
ho  caanitted  and  there  will  be  little  ability  to  reverse  the  effects  of 

the  plan  without  further  ineestwant. 

Of.  Stability.  This  plan  aceonwodates  a  range  of  alternative 
futures. 


70.  The  following  paragraphs  discuss  cost-apportioonant  for  the 
double- laves  plan  and  separation  of  responsibilities  betwen  Federal  and 
non-Federal  interests. 

71.  COST  ffNBUnSR.  The  total  first  cost  of  the  project  is 
estiwated  at  09,034,000  (19,331,000  for  flood  control;  $03,000  for 
recreation;  Septanber  1979  prices). 

72.  Padaral.  The  Federal,,  dent  aaat  far  the  double-levee  plan 
would  include  5T  percent  of  total  flood  central  coot.  The  Federal 
OewersBaat  would  also  pay  43  per wat  of  recreation  coot. 

73.  Ben-Federal.  The  State  of  Arisoaa  wewld  pay  .  percent  of 
total  first  ewta  far  flood  .control  and  recreation.  The  city  of 
■elbreek  weald  pay  20  pare  ait  a f  first  flood  central  coats  and  30 
percent  of  recreation  facility  eoita.  Snder  aniating  a  tare  lew. 


Holbrook  could  be  reimbursed  by  the  state  for  a  portion  of  its  costs. 
Holbrook  would  be  responsible  for  operation  and  maintenance  of  the 
project  at  an  estimated  annual  cost  of  $59,000. 

74.  The  following  tables  show  cost  apportionment  for  the  double¬ 
levee  plan  under  the  President's  water  policy  and  under  existing  law. 

TABLE  B-2a 

CALCULATION  OF  MITIGATION  COST  APPORTIONMENT 
Double-Levee  Plan 

Non-Federal  Total 

-0- 

1,136,000 

687.000 

1,823,000  10,1^7,000 
towards  mitigation 

=  16,000 

I  «■»(  j  ww 


Federal 
6,171,000 
2,153,000 

-0- 

8, 32^,000 

Contribution  of  local  interests 
.1,823.^000  x  910OO 

e  « IS  n  /w\  ' 


Flood  Control 
Construction 
Lands  &  Relocation 
Operations  &  Maintenance 
(capitalized) 
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TABLE  B-2 


COST  APPORTIONMENT 
DOUBLE-LEVEE  PLAN 


First  Federal 

Item  Coat  Share 


Flood  Control 

Construction  6,171,000  6,171,000 

Lands  and  relocations  3,289,000  2,153,000 

Wildlife  mitigation  91.000  75.000 

Total  (traditional  9,551,000  6,399,000 

cost  sharing 
based  on 
existing  law) 


Adjustment  for  Federal 
reimbursement  for  costs 
in  excess  of  20  percent 
of  flood  damage  reduction 

costs  —  -758,000 

Adjusted  subtotals  9,551,000  7,691,000 

Adjustment  for  5  percent 
non-Federal  (State 
contribution)  of  total 

first  ooats  —  -978,000 


Adjusted  totals — flood 

control  9,551,000  7,163,000 


Recreation  (traditional  cost 

sharing)  83,000  91,500 


Adjustment  for  5  percent 
non-Federal  (State 
contribution)  of  total 

first  oost  —  -9,200 

Adjusted  totals — recreation  83,000  37,900 

(say  37,000) 


Adjusted  project  first 

costs  9,639,000  7,200,000 
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Non-Federal 

Share 


0 

8  1,136,000 
16.000 
1,152,000 


♦758,000 

1,910,000 

♦978,000 

2,388,000 

91,500 

♦9,200 

95,700 
(say  96,000) 


2,939,000 


75.  SEPARATION  OF  RESPONSIBILITIES.  A  sumary  of  the  division  of 
plan  responsibilities  follows. 

76.  Federal.  Same  as  single- levee  plan. 

77.  Mon-Federal.  Same  as  single-levee  plan. 


FLOODPPOOFING  PLAN 
Plan  Description 

78.  This  nonstructural  plan  calls  for  floodproofing  all  structures 
on  the  north  side  of  the  river  against  the  standard  project  flood 
(SPF) •  A  design  to  floodproof  to  the  100-year  flood  was  examined  but  it 
was  rejected  because  the  additional  protection  could  be  provided  with 
only  a  2-percent  increase  in  first  cost.  Floodproofing  for  the  south 
side  was  not  considered  feasible  because  of  the  condition  and  low  value 
(less  than  the  cost  of  flood  proofing)  of  most  of  the  buildings. 

79.  Two  methods  of  flood  proofing  were  assumed  to  be  employed. 
Structures  that  would  be  flooded  to  depths  of  less  than  2  feet  were 
assumed  to  be  protected  with  low  walls  around  the  building.  Access 
openings  would  be  sealed  during  times  of  flooding.  Structures  that 
would  be  flooded  to  depths  of  2  feet  or  greater  were  assumed  to  be 
protected  by  raising  them  above  the  SPF  water  surface  and  placing  them 
on  cast-in  place  piers  (see  pi.  B-7).  A  total  of  791  structures  would 
be  flood  proofed,  including  580  single  family  residences.  Mobile  homes 
were  not  included  in  the  structures  to  be  floodproof ed,  since  they  could 
be  moved  easily  outside  the  flood  plain.  Structures  to  be  raised  would 
be  elevated  an  average  of  7  feet.  This  plan  would  include  architectural 
renderings,  raising  the  structure,  construction  of  a  foundation  and 
piers,  and  construction  of  suitable  access  structures  (concrete 
stairs).  Plumbing,  electrical  connections,  ducts  and  other  utilities 
would  require  replacement  and  insulation.  Beautification  and 
landscaping  would  also  be  necessary. 

Impact  Assessment 

80.  NATIONAL  ECONOMIC  DEVELOPMENT.  The  overall  cost  of  this  plan 
is  estimated  at  $18,650,000  (September  1979  prices).  Operation  and 
maintenance  costs  were  not  estimated  for  this  plan,  because  they  would 
basically  be  the  normal  costs  for  maintaining  a  structure.  Total  annual 
costs  for  this  plan,  including  interest  and  amortisation  of  first  costs 
are  $1,423,000  (7-1/8  percent — 40  years). 

81.  The  floodproofing  plan  was  analysed  over  a  40-year  period  as 
this  was  felt  to  be  the  maximum  remaining  life  of  the  structures.  The 
annual  benefits  accruing  to  this  plan  would  be  as  follows: 
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Benefits 

Floodproofing  plan 
September  1979  prices 
40  yrs— 7-1/81 

Flood  damage  reduction  $1,159,000 

Employment  49,000 

Total  11,206,000 

82.  The  NED  benefit-cost  ratio  is  .8$  to  1.  Floodproofing 

appeared  to  be  economically  feasible  during  preliminary  planning, 
however,  more  refined  analysis  later  showed  this  approach  to  be  not 

economically  justified.  The  plan  was  carried  through  detailed  planning 
as  a  representative  nonstructural  plan. 

83.  ENVIS08WHTAL  EFFECTS.  This  plan  would  have  negligible 
environmental  effects. 

84.  SOCIAL  EFFECTS.  The  floodproofing  plan  would  considerably 
reduce  the  threat  of  loss  of  life,  injury,  and  disease  from  floodflown 
on  the  Little  Colorado  Kiver  and  from  tributaries  (interior  drainage)  to 
the  river  originating  north  and  east  of  the  city.  Because  continued 
street  and  lawn  flooding  would  continue,  a  threat  to  the  sefety  and 
well-being  of  Holbrook  citisens  and  tourists  would  remain.  The  socially 
unacceptable  threat  to  south-side  residents,  discussed  with  the  levee 
plana,  would  remain  unabated.  There  would  be  no  induced  damages. 

85.  The  threat  of  flood  damage  and  injury  to  residents  south  of 
the  river  would  remain  with  this  plan. 

86.  There  would  be  a  disruption  to  general  business  activity  in 
the  city  of  Holbrook  during  construction  of  this  plan.  Approximately 
606  fmilies  would  be  disturbed  or  displaced  during  construction.  Of 
these,  26  families  residing  in  mobile  hemes  would  be  evacuated  from  the 
flood  plain.  The  remaining  families  could  possibly  be  housed  in  vacant 
motel  and  hotel  rooms  if  construction  occurred  during  the  off-peak 
tourist  season  and  was  staged.  This  housing  cost,  however,  was  not 
considered  in  the  benefit-cost  ratio  because  it  was  considered  a 
financial  transfer  payment  from  the  homeowners  or  government  to  hotel 
and  motel  owners  rather  than  an  economic  cost. 

87.  There  would  be  an  increase  of  noise  during  construction  in 
populated  areas. 

88.  Although  preliminary  plans  call  for  landscaping  and 
beautification  costs,  houses  homogeneously  placed  about  7  feet  above 
ground  level  could  be  an  eyesore. 

89.  REGIONAL  DEVELOPMENT.  Construction  of  the  flood  proofing  plan 
would  provide  a  short  term  increase  in  employment.  Each  single  family 
structure  to  be  raised  would  require  about  120  person- houro  of  unskilled 
labor.  Approximately  $1,260,000  of  the  total  first  coot  of  this 
alternative  would  be  spent  in  the  local  labor  force. 
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90.  Inducing  the  flood  Chrut  oo  dmlopont  Co  be  flood  proofed 
would  increase  the  tax  base  for  the  city  of  Holbrook. 

91.  In  accordance  with  Section  73  of  the  Voter  Resources 
Penal  Of set  Act  of  1974  (Public  Leu  93-251 )  and  President  Carter's  June 
1978  enter  policy  nessage  to  Congress,  the  Federal  Government  can 
participate  in  nonstructural  flood  control  projects.  However,  because 
this  plan  is  not  econouically  justified  the  total  first  cost  of  $18.7 
aillion  would  be  borne  by  non-Pederal  interests. 

Mi ti ant ion  leenirewsnts 

92.  So  mitigation  would  be  requited  for  this  plan. 

Ivalaaticn  and  Trade-Off  Analysis 

93.  PLAMH1MC  OBJECTIVE  FtEFILLfSMT.  Following  is  a  description  of 
how  the  floodproofing  plan  fulfills  the  study's  planning  objective. 

94.  Rodurtion  of  Floodlne.  this  plan  would  reAice  flood  damages 
from  the  SPF  and  larger  floods  on  the  Little  Colorado  Riser  and 
tributaries  in  Holbrook.  This  plan  would  do  nothing  to  solve  flooding 
problems  south  of  the  riser.  Flooding  in  streets  and  lama  would 
murium  to  occur  in  Holbrook.  Business  and  emergency  costs  would  still 
be  incurred  dm  to  flooding. 

95.  Recreation.  Because  floodproofing  would  be  implemented  on 
individual  private  property  sites,  no  recreation  was  included  in  this 
plan. 


96.  Hoaeim-  This  plan  would  do  nothing  to  upgrade  substandard 
housing  south  of  the  riser. 

97.  Divers i fyim  Feaetatism.  this  plan  mold  do  nothing  to 
diversify  vegetation  in  the  riverT 

98.  BFALHRTlOH  CRITERIA.  Following  is  a  discussion  on  how  the 
floodproofif  plan  meets  Principles  and  Standards  evaluation  criteria. 

99.  Aecentahi  1  its.  All  indications  show  that  floodproofing  is  not 
acceptable  to  the  ci tisane  of  Holbrook.  Individuals  do  not  want  to  be 
disrupted  from  their  dsily  activities,  they  also  do  not  desire  to  have 
their  houses  raised  7  feat  above  the  ground.  Hon-Foderal  interests 
would  be  mwilling  to  pay  $18.7  million  to  com t met  this  unjustified 
plan. 


100.  the  raised  location  of  commercial  and  tourist  related 
structures  could  have  aipificaat  unacceptable  effects  ~n  business 
activity.  Lscal  interests  are  not  willing  to  undertake  a  major  effort 
in  coordinate  this  plan  with  each  individual  in  the  flood  plain. 

101.  Comal  at  amma.  Managua  to  lama,  automobile  and  storage 
yarda  and  I  slam  mSTmergency  leeam  would  continue  to  occur.  Mon 
is  limited  to  remaining  life  of  structures  protected  (40  years). 
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102.  IffictimMi  and  Efficiency.  This  plan  would  bo  affective  ia 
reducing  physical  flood  damages  and  providing  employment  opportuaitiaa 
in  Holbrook.  Lawn,  autonobile,  emergency,  and  buaiaaaa  lasagne  noold 
continue  to  occur,  as  would  danagoa  to  property  on  the  south  side  of  the 
city.  Thin  ia  not  an  officiant  plan  as  it  would  only  provide  S3  canto 
in  benofite  for  ovary  dollar  invented  (W  ratio  ■  .S3  to  1). 

103.  Certainty*  Should  a  floodproofing  plan  be  inpl wanted,  it  is 
probable  that  it  would  achieve  its  outputs.  However,  coordination 
between  individual  property  owners  nay  be  a  significant  problen.  It  is 
unlikely  that  a  najority  of  the  property  owners  in  the  flood  plain  would 
be  willing  to  cooperate  in  inplanenting  this  plan.  As  no  attanpt  was 
■ade  to  study  each  building  individually,  there  are  probably  cases  where 
physical  conditions  such  as  integrity  of  structure  or  location  of  access 
would  not  pemit  raising. 

104.  Geographic  Scops*  Incept  for  Federal  or  state  contributions, 
project  effects  would  be  liuited  to  the  study  area. 

105.  Reversibility.  Construction  of  this  plan  would  coMit 
resources.  Reversing  the  effects  of  this  plan  would  require  additional 
investnent. 


106.  Stability*  This  plan  would  allow  for  future  use  of  the  flood 
plain  and  continuad  davelopnent  of  the  nesa  to  the  north  and  plains  to 
the  south  of  the  flood  plain.  After  the  40-year  remaining  life  of  the 
structure  many  nay  choose  to  nove  out  of  the  flood  plain.  This 
alternative  nay  not  acconnodate  long-tom  urban  use  in  tha  currently 
urbanised  area. 

Inpl annotation  Raenoneibilitias 

107.  Because  this  plan  is  not  econonically  justified,  the  non- 
Federal  interests  would  have  full  responsibility  for  inplanenting  this 
plan  (first  cost  -  911,650,000). 

SYSTEM  OF  ACCOUNTS 

108.  A  conparison  of  the  national  econonic  development  effects  of 
the  detailed  plane  as  well  as  the  cost  apportioment  is  shown  in  Table 
B-3.  Table  B-4  etna  arises  the  affects  of  the  detailed  plans  and 
presents  their  response  to  the  planning  objactives  and  plan  evaluation 
criteria. 

NATIONAL  ECONOMIC  DKVKLOFMMT  FLAM 

109.  The  National  Iconcnic  Developnent  (MED)  Plan  is  baaed  on  the 
nasinisation  of  net  flood  control  benefits  (the  difference  betveon 
project  benefita  and  project  costs).  The  single-levee  plan  is  therefore 
designated  tha  ID  plnn,  as  can  be  seen  in  the  conparieon  of  net 
benefits  shown  in  Table  B-l.  Tha  double- levee  plan  is  a  vary  close 
second. 
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nvumam  quality  plan 


110.  The  linglrlmc  plan  i*  toipatai  the  enviroanental  quality 
(BQ)  plan  bncauaa  it  not  only  includes  a  diversification  of  vegetation 
by  clearing  aalt  cedar  and  planting  grasses ,  cottonwoods  and  willows  (as 
does  the  double- lewee  plan),  but  baa  the  unique  elan  ant  of  evacuating  70 
acres  on  the  south  side  and  allowing  it  to  revert  to  natural  uses. 

SUCTION  OP  A  PLAN  FOB  HTUDWRATIGN 

111.  Selection  of  a  plan  was  based  on  econonic  efficiency, 
contributions  to  envi roisnta  1  quality,  social  and  regional  effects,  and 
local  acceptance.  Table  M  provides  a  conparison  of  the  econonic, 
anvironental,  social,  and  regional  effects  of  detailed  plana.  In 
accordance  with  current  ateinistrativs  policy  for  local  protection 
projects,  recreation  benefits  and  coots  are  not  included  for  project 
foiw ulatiou.  The  following  paragraphs  apply  to  flood'  control  only. 

Econonic  Inpact 

112.  Coopering  the  econonica  for  the  plana  on  Table  3-  3  shows  that 
the  single-levee  and  double-levee  plana  are  clearly  superior  to  the 
floodproofing  plan.  Both  levee  plana  reduce  flood  dosages  and  increase 
anplojoaat  opportunities  (they  also  provide  recreational  opportunities) 
and  therefore  address  those  planning  objectives.  Met  flood  control 
benefits  for  the  levee  plans  ate  within  3  percent  of  each  other 
($901,000  for  the  single- levee  plan;  $880,000  for  the  double- levee 
plan).  The  single-levee  plan  is  the  superior  perforner,  however,  and 
was  therefore  designated  the  national  econonic  dove  lops  sot  plan. 


Alternative  1  Alternative  2  Alternative  3*  do  Action 

Single-Levee  Dongle-Levee  Flood  Proofing  Plan 

nm  Pl“»  Pl«n  (Been  Condition) 
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113.  The  floodproofing  plan  «u  not  found  to  be  economically 
justified.  Annual  costs  for  this  plan  would  exceed  average  annual 
benefits  by  $211,000. 

Environmental  Effects 


114.  Both  tiie  single-  and  double-levee  plans  are  considered  to  add 
to  diversification  of  habitat  in  the  Little  Colorado  kiverbed,  and 
therefore  address  that  planning  objective.  The  single-levee  plan  vae 
found  to  be  superior  in  the  enviroanental  quality  account,  because  it 
calls  for  evacuation  of  70  acres  of  flood  plain  land  and  would  permit 
that  land  to  revert  to  its  natural  flood  plain  uses.  The  single-levee 
plan  was  therefore  designated  the  environmental  quality  plan. 

115.  The  floodproofing  plan  has  negligible  environmental  effects 
except  those  that  may  result  from  landscaping  of  the  individual 
structures. 

Regional  Effects 

116.  The  significant  regional  effects  of  the  pleas  include 
increased  employment  opportunities  and  local  cost  sharing. 

117.  All  plans  provide  increased  employment  opportunities,  but  the 
floodproofing  plan  is  clearly  auperior  in  this  aspect  because  of  the 
labor  intensity  of  plan  construction. 

118.  Mon-Federal  first  costs  for  the  levee  plans  are  very  close 
($2,478,000  for  the  single-levee  plan  and  $2,434,000  for  the  double¬ 
levee  plan).  The  floodproofing  plan  would  require  a  aon-Federal 
expenditure  of  about  $18.7  million  because  it  is  not  economically 
justified  (see  table  B-3). 

Social  Effects 


119.  The  most  significant  social  impact  of  the  levee  plans  would 
be  the  reduction  of  the  flood  hasard  on  both  sides  of  the  river  and  the 
necessary  relocations  of  paople.  Although  the  single-levee  plan 
requires  the  relocation  of  57  families  and  would  possibly  meet  the 
planning  objective  of  upgrading  housing  through  supplemental  housing 
payments,  availability  of  substitute  housing  and  adequacy  of 
suppl Mental  housing  payments  to  cover  real  costs  could  pose  a 
significant  problem  in  implementing  this  plan.  Even  if  housing  ware 
available,  this  plan  would  probably  contribute  to  the  currant  housing 
shortage  and  inflate  housing  costs.  Also,  this  plan  would  virtually 
destroy  the  coma  unity  cohesiveness  and  character  on  the  south  aide  of 
the  river.  The  inability  of  soma  of  the  people  to  be  relocated  to 
assume  even  a  modest  increase  in  housing  cost,  whether  for  rent, 
mortgage  or  taxes,  makes  the  inplamentability  of  the  south  side 
evacuation  questionable. 
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120.  The  dooblt-lmc  fin,  though  aodtit  in  it*  goal*  for 
aggrading  housing  (9  f aniline  mold  bo  relocated),  non Id  probably  attain 
tbia  objective  nithoot  tba  problana  associated  with  a  large  scale 
ease nation.  The  doubl e- levee  plan  would  protact  the  south-aids 
conmity  and,  by  eliminating  the  constant  threat  of  flooding,  encourage 
residents  to  improve  housing  at  their  own  pace. 

121.  Although  the  floodproofing  plan  would  not  relocate  any 
pern  meant  structures  (approximately  26  mobile  homes  would  be  mowed), 
this  plan  would  disrupt  580  families  during  construction. 

122.  Both  the  levee  plans  and  the  floodproofing  plan  would  reduce 
the  economic  coot  of  flood  damages  and/or  flood  insurance  premiimn.  A 
risk  to  health,  safety,  and  loss  of  life  would  rsnain  with  the 
floodproofing  plan. 

Acceptance 

123.  The  City  of  Holbrook  supports  the  double-levee  plan  (see  City 
Council  Eesolution,  included  in  Appendix  A,  "Public  View*  and 
Has ponses").  The  nuadter  of  relocations  required  for  the  single-levee 
plan  and  coocomnittant  problems  dictated  their  position.  The  city 
foresees  problem*  in  providing  replacement  housing  and  in  actually 
accomplishing  th*  relocations.  The  city  is  opposed  to  the  floodproofing 
plan  because  of  its  hi£i  local  cost  and  other  related  problems  of 
required  coordination  between  property  owners  and  the  physical  condition 
and  structural  integrity  of  the  buildings  involving  much  of  the  city  of 
Holbrook. 

124.  South-side  residents  have  voiced  an  opposition  to  the  single- 
levee  plan.  They  generally  prever  preservation  of  choir  existing 
i  anmmiity  through  construction  of  the  double-levee  plan. 


125.  Comparison  of  the  three  detailed  plans  showed  the  levee  plans 
to  be  superior  to  the  floodproofing  plan.  Because  the  floodproofing 
plan  was  found  to  have  a  benefit-cost  ratio  of  less  than  one,  and  does 
not  have  any  redeeming  environmental  effects,  it  was  eliminated  from 
farther  consideration. 

126.  The  single-levee  plan  was  found  to  be  somewhat  auporior  both 
economically  and  environmentally  to  the  double- levee  plan.  However, 
Because  of  the  nicer tainty  involved  in  the  relocations  of  south-side 
residents  for  the  single-lavas  plan,  and  because  the  south  side 
residents  have  expressed  preference  for  the  double- levee  plan,  the 
double-levee  plan  was  found  to  be  superior  in  its  social  effects. 

127.  4a  expressed  in  a  resolution  passed  by  the  Holbrook  City 
Council  (aaa  Appendix  A,  "Public  Vinos  and  Responses"),  local  interests 
support  the  double-lavee  plan.  A  major  factor  in  this  choice  was  the 
uncertainty  of  providing  adequate  replacement  housing  for  the  south-side 


resident*  should  the  single-levee  plan  be  chosen.  The  locals  are 
especially  reluctant  to  bear  the  responsibility  of  actually 
accoaplishing  the  relocations. 

128.  In  s  las  ary,  the  single-levee  and  double-levee  plans  are  very 
close  in  their  econonic  and  euviroonental  contributions.  Local 
acceptance  and  uncertainties  posed  by  the  relocations  required  as  part 
of  the  single-levee  plan  were  considered  wore  significant  factors  in 
choosing  a  plan.  The  double-levee  plan  was  therefore  chosen  for 
inplea  entation. 
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SOCIAL  CONDITIONS  IN 
HOLBROOK 

GENERAL 

).  Social  problems  of  Holbrook  and  Navajo  County  that  can  impact 
upon  or  be  iapactad  upon  by  implementation  of  a  flood  control  project 
include  isi  employment ,  shortage  of  housing,  separation  of  the  south-side 
coot unity,  substandard  housing  and  poverty  of  the  south-side  residents, 
and  the  flood  threat  on  both  sides  of  the  river. 

UNEMPLOYMENT 

2.  Despite  the  influence  of  the  construction  of  the  Cholla 
Poverplant  and  Interstate  40,  unemployment  in  Holbrook  and  Navajo  County 
has  remained  high.  The  latest  available  statistics  showed  the 
unemployment  rate  to  be  11.7  percent  in  Navajo  County  (October  1979)  and 
9.0  percent  in  Holbrook  (April  1979). 

HOUSING 

3.  The  existing  housing  stock  in  Holbrook  has  been  overtaxed  by 
the  influx  of  construction  workers.  However,  there  has  been  a 
reluctance  of  investors  to  finance  extensive  new  home  construction 
because  the  normal  economic  baae  of  Holbrook  is  substantially  lower  then 
the  present  temporary  condition  caused  by  poverplant  and  highway 
construction. 


SOUTH-SIDE  COMMUNITY 

4.  Most  of  the  people  living  on  the  south  side  of  the  river  are 
poor  and  black.  A  few  Hispanica  also  live  in  the  community.  The  main 
attraction  to  the  area  is  inexpensive  housing,  most  of  which  is 
substandard.  The  area  has  been  subject  to  flooding  in  the  past,  and  at 
present  the  city  does  not  permit  development  except  on  the  floodway 
fringe  and  only  if  the  development  is  protected  to  the  100-year  flood 
level.  Despite  the  poor  condition  of  the  south-side  community  and  the 
poverty  of  its  residents,  a  fairly  strong  sense  of  conmunity  exists. 
The  inhabitants  tend  to  identify  and  be  identified  with  their  community 
and  they  have  their  own  leaders  and  have  established  their  own  churches 
through  which  much  of  the  community's  social  and  political  activity  is 
organised.  Although  the  people  and  politicians  of  Holbrook  tend  to  some 
extent  to  look  on  the  south  side  as  a  separate  unit,  they  have  not 
ignored  the  needs  of  the  south  side.  After  the  floods  of  1970  and  1971 
a  dike  was  constructed  to  protect  south-side  development.  Although  the 
dike  has  increased  the  level  of  protection  to  the  south  aide,  it  would 
be  inadequate  against  a  large  flood.  A  self-help  housing  program  was 
also  instituted  through  the  Farmers  Heme  Adsdniatration,  and  aevaral 


*«■«  south- si da  fwitatt  wra  akl«  to  Mid  cad  oceapjr  aw  Imm 
throw#  tfci*  pnpN.  Ow  50  hwirtoldi  still  occupy  the  sooth  tidt 
flood  rl sis  sal  aro  threatened  by  severe  flooding. 

THE  fLOQD  THtttT 

5.  The  flood  throat  to  Rolbroek  presents  serious  oocisl  problem. 
In  addition  to  ths  potontial  for  injury,  sieknoss.  Sad  loos  of  lifo, 
theassads  of  people  would  be  forced  froa  thoir  heaps  daring  a  asjor 
flood  osaat.  Bocanss  of  ths  present  boosing  shortage  in  Rolbroofc,  which 
is  not  liholy  to  ebato  ia  the  near  future,  providing  aasrgMicy  housi^ 
for  such  a  large  asaber  of  people  weald  ho  wary  difficult.  Coaaaaity 
activities  sad  aomsl  routines  weald  bo  disrupted  indefinitely.  People 
effected  by  flooding  would  have  to  undergo  the  anxieties  and 
frustrations  of  dealing  with  anfaailiar  govoraaoat  agencies  sal 
regulations.  Deo  or  personal  funds  and  tine  would  be  diverted  to  flood 
recovery  activities  instead  of  being  used  for  iapreviag  quality  of  life. 

6.  Residents  of  the  south-side  ccaauaity  would  suffer  all  the 
flood-related  social  problem  of  their  north- side  aai#hees  plus  seas 
problem  unique  to  the  south  side.  Residents  of  the  south  side  face  a 
aero  uncertain  future  than  these  in  the  min  part  of  the  city,  teeth  - 
side  property  owners  who  are  financially  able  to  iaprewe  Chair 
properties  are  prevented  free  doing  so  by  the  flood  threat.  Most  of  ths 
south  aiders  are  poor  and  aaay  live  on  fixed  i acmes  ia  the  only  housing 
they  can  afford.  Should  their  boats  be  destroyed  or  otherwise  be  aade 
or  declared  uninhabitable,  affordable  alternative  housing  would  not  he 
available.  Rxistiag  gowernaeatal  program  for  dealing  with  seek  a 
situation  are  indirect,  tiae  contusing  and  mcertaia.  People  living  at 

and  now  difficult  while  waiting  for  go  varment  assistance  and  froa 
losses  not  covered  by  govs  tenant  assistance. 
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MANAGEMENT  SUMMARY 

Between  August  29  and  Ssptsabsr  1,  1977,  ths  proposed 
areas  of  rechannel lsstion  of  the  Little  Colorado  River  aad 
associated  levees  near  Holbrook,  Navajo  County,  Arisona,  wore 
surveyed  by  the  Museum  of  Northern  Arizona.  The  proposed 
channelization  of  the  river  measured  7.3  miles  in  length  and 
300  feet  in  width.  In  addition,  five  proposed  levees,  ranging 
in  length  from  0.3  miles  to  2.3  miles  were  surveyed  for  a 
total  of  4.3  miles.  The  levee  areas  surveyed  were  50  feet  wide. 
No  archaeological  sites,  prehistoric  or  historic,  were  discovered 
in  any  of  the  surveyed  areas,  and  no  further  archaeolpgical 
investigations  are  recommended  prior  to  the  initiation  of 
construction  activities.  The  lack  of  surficial  evidence  of 
archaeological  sites  Is  In  past  due  to  heavy  alluviation, 
flooded  conditions,  heavy  vegetation,  and  recent  ground 
disturbance.  It  is  recommended  that  ground  cutting  phases 
of  proposed  construction  activities  be  periodically  monitored 
by  qualified  archaeologists. 


AUttftCfi  AdOnnan  August  29  and  Hptmbar  1,  1977,  tht 
propoirt  nehHMllntlM  am  of  u»  Uttla  Colorado 
Uidr  and  antedated  lmia  ooor  dolbrook,  Bora  jo  County, 
Ariaona,  ton  aurrayod  by  the  torn  of  iotthara  Itiaoai. 
Ito  project  woo  conducted  at  tha  regnant  of  tlaa  0.  8. 
Dapart—it  of  tha  Ang(  Loo  Angolan  Dintriet,  Oorpo  of 
Englnaari  uodor  contract  i— tar  DMX09>7?-R>14M.  do 
archaeological  eitns,  prehistoric  or  historic,  wn 
located  daring  tha  survey.  A  description  of  tha  projoet, 
tha  cultural  background  of  the  projoet  area,  and  dotal la 
of  tha  flaldaork  conduct  ad  arc  presented  in  tha  following 


INTRODUCTION 


At  the  request  of  the  U.  S.  Department  of  the  Army  Corps 
of  Engineers  approximately  12  miles  of  proposed  rechannelisa¬ 
tion  of  the  Little  Colorado  River  and  associated  levees  VWte 
surveyed  by  the  Museum  of  Northern  Arizona.  The  majority  of 
the  project  area  consists  of  the  rechannelization  itself,  a 
corridor  300  feet  wide  running  either  in  the  present  bed  of 
the  Little  Colorado  River  or  along  its  banks.  The  levee  areas 
consist  of  five  non-contiguous  areas  some  distance  away  from 
the  river  bed  but  still  on  the  floodplain  of  the  river.  The 
project  area  is  located  within  Sections  1,  2,  3,  4  and  11  of 
T17N,  R20E,  and  Sections  5,  6,  7  and  8  of  T17N,  R21E,  extend¬ 
ing  roughly  from  4  miles  west  of  Holbrook  to  2  miles  east  of 
that  city  (see  Fig.  1) .  Actual  survey  work  was  carried  out 
between  August  29  and  September  1,  1977,  under  the  field 
supervision  of  A.  Stanley  Granger.  Regular  crew  members 
were  Marilyn  Bender  and  Peggy  Gaudy.  Donald  E.  Weaver,  Jr. 
assisted  with  the  field  work  on  August  31,  1977.  All  pro¬ 
ject  areas  were  systematically  covered  on  foot. 

At  the  time  the  survey  was  carried  out,  the  river  was 
several  weeks  past  the  peak  of  its  annual  summer  flood. 
Although  there  was  still  a  significant  flow  of  water  in  the 
channel,  most  of  the  river  bed  was  covered  with  mud  and 
sand  in  various  stages  of  dessication  (see  Fig.  2).  In 
addition,  several  areas  of  quicksand,  an  unstable  semi¬ 
liquid  mixture  of  sand,  mud,  and  water,  were  noted  in  the 
river  channel.  Previous  rechannelisation  of  the  Little 
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Colorado  by  tha  City  of  Holbrook  has  also  had  aajor  offsets 
on  ths  present  oourss  of  tbs  rivsr.  In  uny  placss  where 
rechannslisation  has  been  carried  out,  ths  fonser  course  of 
ths  rivsr  is  barely  disceraable,  being  several  feet  above 
ths  present  course  and  alnost  entirely  overgrown  by  dense 
riparian  vegetation. 

Bsvlroaaaat  of  the  Study  Area 

She  Little  Colorado  River  is  one  of  tbs  aajor  drainages 
of  tbs  Colorado  Plateau  physiographic  province,  it,  along 
with  its  tributaries,  drains  ths  aajor  portion  of  northeastern 
Arisons,  lbs  areas  surveyed  lie  entirely  within  the  flood- 
plain  of  tbs  Little  Colorado  River. 

Tbs  banks  of  tbs  Little  Colorado  are  characterised  by 
riparian  vegetation  growing  in  the  alluvial  silt  deposited 
by  tbs  river  in  its  periodic  floods.  Ths  aajor  constituents 
of  this  vegetation  are  cottonwood  trees,  desert  willow,  and 
t  snarl  sir,  an  exotic  species  introduced  to  ths  southwest  from 
bain  in  tbs  19th  century.  Tbs  spread  and  growth  of  taaarisk 
has  been  so  exuberant  that  these  plants  now  cover  large 
sections  of  the  river  bank  and  grow  so  thickly  that  foot 
travel  in  these  areas  is  alasst  lapossihle  (see  Pig.  3) . 

Levee  anas  surveyed  are  for  the  aost  pert  identical 
in  sails  aad  vegetation  to  tha  river  bank  areas  described 
abase,  the  only  aajor  difference  noted  in  these  areas  is 
tin  praeanoa  of  sand  dunes,  tbs  features  are  ooaposed  of 
ssollsn  sand  end  are  either  stabilised  by  various  grasses 
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and  small  shrubs,  or  are  unstable  and  subject  to  periodic 
shifting  by  wind  action.  Generally  the  proposed  emplacements 
for  the  levees  are  identical  to  the  river  bank  areas,  that 
is,  are  characterized  by  recent  water  deposited  silt  and 
dense  riparian  vegetation. 

in  general,  the  areas  surveyed  may  be  characterised 
as  riparian.  Due  to  this,  the  ground  surface  present  during 
any  prehistoric  occupation  of  the  area  was  rarely  if  ever 
visible.  This  may  to  some  degree  explain  the  dearth  of 
noted  cultural  remains. 


MCIOMtt,  CULTURE  BISTORT  (adapted  fro*  toll,  X973) 

.  •.*  .  it  “ * /v  . » 

Paleo-Indlaa 

— w»  occupation  in  this  region  nay  cover  a  tine  span 
of  12*000  years.  Clovis  and  Polsoai  projectile  points, 
indicators  of  Paleo-lndian  activity  froai  9,500  to  7,000  B.c., 
have  boon  found  near  Winslow  (11m  and  Daniel  1967) ,  as 
well  as  at  other  locations  in  the  Little  Colorado  Valley 
(Agenbroad  1907) .  However,  no  such  evidence  has  been 
reported  specifically  within  the  present  study  area. 

Desert  Culture 

The  existence  of  the  "TOlchaco”  culture  was  first 
postulated  by  Katharine  Bartlett  (1943)  fron  lithic  debris 
and  percussion  flaked  tools  including  scrapers  and  hand 
axes  found  on  ridges  of  the  first  terrace  of  the  Little 
Colorado  River.  Pew  projectile  points,  or  other  tenporally 
diagnostic  artifacts  have  bean  found.  Although  dating  is 
as  yet  uncertain  for  this  notarial,  each  of  it  is  thought  to 
be  early  and  in  sons  way  related  to  the  Desert  culture 
boriaoa  of  4,000  to  1,000  B.C. 

The  tarn  Desert  culture  refers  to  a  tradition  of 
suhslstanoa  based  upon  gathering  and  hunting.  The  inventory 
of  tools  characteristic  of  this  period  include  one-hand  sise 
naans,  basin  awtates,  baskets,  and  regionally  distinctive 
projectile  points.  Definite  Desert  culture  occupation  has 
boon  identified  near  Winslow,  where  surface  Pinto  points 
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have  been  found  (Sins  and  Daniel  1967) ,  on  the  periphery 
of  the  middle  Little  Colorado  near  Concho  (Meadorf  and 
Thomas  1951),  and  at  other  locations  in  the  Little  Colorado 
Valley. 

In  summary,  little  work  has  been  done  in  this  area  in 
the  realm  of  Early  Nan  archaeology,  and  therefore  little 
can  be  said,  aside  from  the  fact  that  man  has  occupied  the 
central  Little  Colorado  River  Valley  since  very  early  times. 


Anasazi 

Archaeologists  generally  agree  that  after  the  Desert 
culture  period  the  geographic  extent  of  the  central  Little 


Colorado  River  Valley  came  to  define  a  fairly  homogeneous 
archaeological  area  referred  to  by  the  same  name  -  the  eei 


archaeological  area  referred  to  by  the  same  name  -  the  cen¬ 
tral  or  middle  Little  Colorado  area.  This  archaeological 
and  geographic  area  correaponda  to  the  distribution  of  "pure" 
Little  Colorado  White  Ware  sites,  dating  from  A.D.  1075  to 
1250  (Gumerman  and  Skinner  1968:  185),  which  belong  to  the 
Anasazi  culture.  "Anasazi”  refers  to  the  peoples  who  inhabit 
the  San  Juan,  Colorado,  and  Little  Colorado  drainages  prior 
to  Spanish  arrival  in  the  southwest  -  Pueblo  Indians  and  their 
predecessors,  the  Basketmakers .  The  archaeologieal  distinctive¬ 
ness  of  the  region  ia  probably  related  to  its  positioning 
between  two  major  culture  areas,  the  Sinagua  and  Nogollon  (see 
Pig.  4)  and  is  reinforced  by  its  arid,  basin  environment.  What 
results  from  the  interaction  of  these  two  factors  seems  to  be 
a  mixing  of  cultural  elements  along  with  a  regional  environmental 
adaptation  (Gumerman  and  Skinner  1968:  185). 
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figuri  4.  Col  tor*  Atom  of  +.fe*  little  Colorado  Region 


BtitotMktr  lit 

It  is  during  this  tins  period,  approximately  100  B.C. 
to  A.D.  400*  that  tha  Anasasi  make  thair  transition  from  a 
hunting  and  gathering  subsistence  base  to  an  agricultural 
one.  Basketmaker  II  sites  in  the  general  area  of  the  niddle 
Little  Colorado  include  three  sites  which  have  been  excavated 
by  the  Museum  of  Northern  Arisons.  The  Plat  Top  Site* 
excavated  by  Pred  Wendorf  (19S3)  at  the  southern  tip  of 
Petrified  Porest  National  Monument*  is  a  pit  house  village 
with  strong  Mogollon  influence  dating  prior  to  A.O.  000  and 
perhaps  as  early  as  A.D.  300.  Another  Basfcetmaker  II  site* 

NA6588*  at  the  northern  end  of  the  Petrified  Porest  has  been 
dated  as  pre-A.D.  500  (Breternits  1956 t  10-11) .  Finally* 
two  pre-ceraadc  Basketmaker  II  pit  houses  excavated  near 
Dilkon  in  1906  seem  to  be  basically  Anasasi  in  character 
(Gumerman  and  Skinner  1968*  188).  In  sum*  Basketmaker  II 
sites  found  in  the  study  area  may  exhibit  Mogollon  and 
Anasasi  characteristics. 

Basketmaker  III* 

The  Basketmaker  III  Period*  roughly  A.D.  400  to  700* 
represents  the  next  step  toward  a  sedentary  agricultural 
subsistence.  Pottery  cosms  into  use  at  this  time.  Babbit 
Hill  village  (NA9577)  (Blppey  1909)  is  a  Basketmaker  til  - 
Pueblo  1  village  near  the  junction  of  the  Little  Colorado  Biver 
and  Cottonwood  Wash  just  east  of  Winslow.  At  this  time*  pottery  is 
becoming  predominantly  xayenta  Branch  Anasasi*  as  at  three  sites 


recorded  in  the  southwest  hop!  Buttes  area  (Gum man 
1969:  114).  A  differentiation,  then,  between  the  central 
Little  Colorado  and  areas  to  the  east  is  seen  by  now,  as 
demonstrated  by  the  fact  that  the  twin  Buttes  site  in  the 
Petrified  Forest  belongs  to  the  White  Hound  phase  of  the 
Cibola  Branch  of  the  Anasasi  culture  (Wendorf  1953:  160). 

Pueblo  I: 

It  is  possible  that  the  Kayenta  people  end  the  inhabi¬ 
tants  of  the  central  Little  Colorado  shared  the  ibw  Kayenta- 
type  structure  during  Basketmaker  ill,  Pueblo  1,  and  early 
Pueblo  II  tims  (Gmeman  and  Skinner  I960:  189) .  Anasazi- 
Mogollon  contacts,  however,  are  still  evident  in  Pueblo  I 
sites  excavated  in  the  central  Little  Colorado  Valley.  During 
the  Pueblo  I  and  II  periods,  A.D.  704  to  900  to  1100  respect¬ 
ively,  a  transition  occurs  froa  pit  houses  to  above-ground,  . 
Msonry  pueblos.  Exanples  of  Pueblo  I  sites  are  the  Kpl 
site  (HA9182)  in  the  Hopi  Buttes  region  north  of  the.  river 
(Gumman  1969:  149-176),  and  WA6503,  about  7  ni.  east  of 
Winslow  (Bretemits  1957:  8-10),  which  Breternits  feels 
illustrates  trade  contacts  between  the  Anasasi,  Nogollon, 
and  uohokaa.  Wo  positive  evidence  has  been  discovered  of 
Pueblo  I  occupation  within  the  study  area  to  data.  However, 
there  in  no  apparent  reason  for  believing  that  Pueblo  I 
utilisation  of  the  area  did  not  occur. 
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Pueblo  II  -  The  Holbrook  Phase: 

During  Pueblo  II  times  in  the  central  Little  Colorado, 
localized  variation  begins  to  appear.  The  Winslow  branch 
is  now  recognizable  as  a  district  entity  within  this  area 
(see  Fig.  4).  Five  early  Pueblo  II  sites,  A.D.  900  to  1075, 
recorded  in  the  Hopi  Buttes  area  are  almost  pure  Kayenta 
sites.  However,  the  transition  from  Kayenta  to  Holbrook 
phase  ceramics  and  architecture  can  be  seen  at  the  Wigwam 
site  (NA9092) ,  near  Holbrook.  An  increase  in  population 
seems  to  have  accompanied  this  transition,  and  a  widely 
dispersed  settlement  pattern  with  flood  water  farming 
prevails  (Gumerman  and  Skinner  1968:  189-90).  The  Holbrook 
phase  seems  to  last  only  from  A.D.  1075  to  1100. 

Pueblo  III  -  The  McDonald  Phase: 

The  McDonald  phase  la  defined  by  the  widespread  occur¬ 
rence  of  large  apartment- type  towns.  Between  A.D.  1100  and 
1250,  sites  from  this  phase  occur  in  the  central  little 
Colorado  River  Valley.  Examples  include  146  sites  recorded 
in  the  southwest  Hopi  Buttes  area  (Gumerman  1969:  114),  and 
three  excavated  sites  at  Holbrook  (Gumerman  and  Skinner 
1968:  192).  Pueblo  III  sites  in  the  central  Little  Colorado 
area  are  more  numerous  than  Pueblo  II  sites,  possibly  repre¬ 
senting  a  population  increase;  are  slightly  larger;  and 
are  still  evenly  dispersed  (Gumerman  and  Skinner  1968:  191). 
The  Sundown  site  (NA9093)  at  Holbrook  and  the  Plaza  site 
(NA9400)  in  the  Hopi  Buttes  area,  are  quite  unusual,  in  that 
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they  are  large,  well-built,  plaza-type  sites,  and  nay 
represent  the  beginning  of  inter-site  ceresK>nial  gatherings. 

Pueblo  IV: 

By  about  A.D.  1250,  Most  of  the  drier  areas  of  the 
central  Little  Colorado  area  were  abandoned,  as  people 
gathered  into  large  pueblos  along  the  river  and  probably 
on  the  Hopi  Mesas.  These  pueblos  are  generally  known 
as  "proto-Hopi"  sites,  the  implication  being  that  present- 
day  Hopis  are  derived  f  roa  them,  at  least  in  part.  Several 
examples  of  this  type  of  site  May  be  found  in  the  literature. 
Perhaps  the  best  known  are  the  Hoaolovi  group  (NA952,  NA953, 
NA4089,  and  NA926)  near  Winslow,  and  the  Che ve Ion  Ruin  (NA1026) 
east  of  Winslow.  These  were  explored  by  Jesse  W.  Pewkes  in 
the  late  1890 's  (Pewkes  1904:  25-30).  An  unexcavated  Puebla  IV 
site,  NA10,569,  is  located  west  of  Joseph  City.  The  Puerec 
Ruin  (NA6302) ,  near  the  junction  of  the  Little  Colorado  and 
Puerco  rivers,  is  another  Pueblo  IV  site  in  the  area  (Schroeder 
1961).  Finally,  the  Chianey  Butte  site  (MA9181)  in  the  Hopi 
Buttes  region  has  boon  excavated  (Guswirann  1969:  291-304). 

Bach  of  these  sites  has  Hopi-like  petroglyphs  in  its  vicinity. 

Cibola  Branch 

Cibola  White  Ware,  the  diagnostic  pottery  of  *M« 
neighboring  Anasasi  group  (see  Pig.  4) ,  has  been  found  in 
the  central  Little  Colorado  region.  Cuswrawn  reports  finding 
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much  Cibola  White  Ware  in  the  Hopi  Buttes  area  during  the 
Basketmaker  III  period,  with  amounts  lessening  as  time 
progresses  and  contacts  with  the  east  lose  importance 
(Gumerman  and  Skinner  1968:  197).  It  can  perhaps  be  assuswd 
that  a  similar  situation  will  hold  for  the  entire  central 
Little  Colorado  area. 

s 

Sinagua 

Almost  no  evidence  of  Sinagua  influence  has  been  found 
in  the  central  Little  Colorado  Valley.  Gumerman  (1969:  374) 
reports  only  a  handful  of  Sinagua  sherds,  a  possible  Sinagua** 
influenced  kiva,  and  Sinagua-like  extended  burials  during 
his  southwest  Hopi  Buttes  survey  and  excavations.  However, 
he  feels  that  there  must  have  been  extensive  contact  between 
the  two  groups  because  of  the  large  numbers  of  Little  Colorado 
White  Ware  sherds  found  near  Flagstaff.  Wilson  (1969:  43) 
states  that  Sinagua  sites  do  not  extend  as  far  east  as 
Chevelon  Creek,  and  that  the  area  between  East  Clear  and 
Chevelon  Creeks  may  be  considered  a  cultural  boundary. 

However,  his  survey  did  not  extend  north  as  far  as  the 
Little  Colorado  Valley. 

Navajo 

Navajo  Indians  are  known  to  have  lived  in  the  middle 
Little  Colorado  region.  Gumerman  came  upon  recent  Navajo 
sites  and  Navajos  who  were  presently  living  in  the  area 
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while  conducting  hie  southwest  Hopi  Buttes  survey  (Gvsenui 
1969:  20) ,  end  the  early  Nozsob  settlers  reported  having 
Havajos  for  neighbors  (Westover  and  Richards  1963:  7) . 

Stories  are  also  found  in  the  literature  about  Navajo  raid¬ 
ing  in  the  area  (Jennings  1970:  73  and  Johnson  1956:  30). 

Western  Apache 

The  literature  regarding  the  pre- 1800's  Apache  lacks 
clarity.  However,  there  are  Indications  that  the  poeeibility 
for  Apache  occupation  of  the  middle  Little  Colorado  River 
Valley  does  exist.  Historical  literature  would  indicate 
that  no  Hava  jo  or  Apache  activity  took  place  weet  of  the 
Rio  Grande  prior  to  the  17th  century.  However,  Grenville 
Goodwin  has  recorded  many  clan  origin  stories  sanng  the 
Western  Apache  which  indicate  a  southward  an cement  of  the 
Western  Apache  from  Hopi  country  to  the  preeent  Hogollon 
Ria  northern  boundary.  In  nytha  of  all  five  Western  Apache 
groups,  there  exists  the  claim  of  having  long  ego  lived  at 
a  place  with  the  Navajo,  Hopi,  and  others.  Further  Goodwin 
specifically  states,  "...at  least  a  part,  if  not  all,  of  the 
Western  Apache  ueri  at  some  tine  living  in  the  Little  Colorado 
Valley  to  the  north  of  their  historic  range”  (Goodwin  1942:  66). 
Goodwin's  answer  to  the  lack  of  contact  between  early  Buropeana 
and  the  Western  Apache  is  that  Apache  ramps  are  well-hidden, 
and  that  Apache  tended  to  hide  from  the  Spanish  (Goodwin  1942: 
66).  There  is  no  doubt  that  the  Western  ApacHe  have  had  much 


17 


contact  with  the  Hopi.  Much  has  appeared  in  the  literature 
about  trade  between  the  two  groups. 

Dates  for  possible  Western  Apache  occupation  of  the 
central  Little  Colorado  are  as  difficult  to  cone  by  as 
definite  proof  of  the  occupation  itself.  Jack  D.  Forbes 
(1966s  345)  feels  that  they  were  in  the  area  (in  fact,  that 
they  reached  the  Mogollon  Rin  area)  by  the  late  1300 's.  In 
the  late  1700 's  little  information  exists  from  historical 
data  about  the  northern  Apache  boundary,  except  that  the 
Apache  were  "to  the  south  of  the  Hopis"  (Schroeder  1963V-A: 
29-30).  By  the  1850's,  Western  Apache  territory  ended  at 
the  north  slope  of  the  Mogollon  Rin  (Goodwin  1942:  65).  By 
the  late  1870's,  the  Mormons  of  the  middle  Little' Colorado 
settlements  did  not  even  consider  the  Western  Apache  to  be 
their  neighbors  (Westover  and  Richards  1963 t  7). 

In  summary,  early  Western  Apache  occupation  of  the 
middle  Little  Colorado  River  area  is  a  distinct  possibility, 
and  pre-1850  Western  Apache  sites  could  conceivably  be 
found  within  the  area. 

Recent  History  of  the  Middle  Little  Colorado  River  Valley 

The  events  which  have  been  most  influential  to  the  central 
Little  Colorado  area  during  historic  times  are  the  Beale  Wagon 
Road,  the  Atlantic  and  Pacific  Railroad,  cattle  ranching,  and 
Mormon  settlement.  All  four  of  these  influences  are  related 
and  interwoven,  but  an  attempt  will  nevertheless  be  made  to 
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discuss  each  separately, 
beale  Wagon  Road: 

As  it  becawe  wore  and  wore  iaportant  to  establish  lines 
of  coaaunication  between  the  eastern  and  western  parts  of 
the  United  States,  surveys  were  sponsored  and  sent  out  to 
discover  the  best  east-west  routes.  Sana  of  these  explora¬ 
tions  touched  on  the  area  with  which  this  project  is  concerned. 

In  1851,  Captain  Lorenzo  Sitgreaves  traveled  across 
Arizona  froa  New  Mexico,  following  the  Zuni  and  Little  Colorado 
Rivers  until  he  reached  the  Mohave  villages  on  the  Colorado 
River.  Two  years  later.  Lieutenant  A.  W.  Whipple  of  the  u.  8. 
Any  discovered  an  east-west  route  across  Arizona  which  closely 
followed  the  35th  parallel,  just  north  of  Joseph  City.  Finally, 
in  1857,  Edward  F.  Beale  aade  a  wagon  road  survey  which  resulted 
in  the  first  truly  practical  east-west  route.  The  Beale  Wagon 
Road  was  used  for  aleost  all  east  to  west  crossings  of  Arizona 
until  the  cowing  of  the  railroad  (Wzhwann  1971:  8).  Adele 
Mestover  and  J.  Morris  Richards  (1963:  32)  nention  an  "old 
trails  highway"  which  used  to  pass  Joseph  City  on  the  south 
side  of  the  river.  This  probably  was  not  the  Beale  Wagon 
Road,  which  passed  Joseph  City  north  of  the  Little  Colorado 
(Wzhwann  1971:  9) .  it  way,  however,  have  been  what  Charles 
Feterson  refers  to  as  the  Morwon  wagon  road,  which  "ol lowed 
the  Little  Colorado  on  the  south  until  reaching  Bolbrook 
(Peterson  1967:  143-6).  When  0.  8.  highway  66,  w*.  ich  generally 


follows  the  Beale  Wagon  Road  in  the  Holbrook  area  was  constructed, 
the  road  was  re-routed  to  pass  through  Joseph  City. 

The  Atlantic  and  Pacific  Railroad: 

In  1880,  construction  began  on  the  western  continuation 
of  a  railroad  from  the  east  which  had  previously  ended  at  the 
Rio  Grande  River  in  New  Mexico.  This  railroad  line  was  called 
the  Atlantic  and  Pacific  Railroad,  later  to  become  the  Atchison 
Topeka  and  Santa  Pe,  and  closely  followed  the  Beale  route 
(Wahmann  1971:  9).  The  railroad  was  of  great  importance  in 
the  transportation  of  cattle.  Because  of  this  traffic, 

Holbrook  became  a  regional  shipping  center,  and  Winslow  a 
division  headquarters  for  the  railroad.  The  train  stopped  at 
Joseph  City  itself,  as  well  as  at  numerous  section  houses. 

One  of  these  was  Hardy,  later  called  Havre,  near  Joseph  City 
(Barnes  1960:  239). 

In  1881,  the  railroad  construction  came  to  Joseph  City, 
then  called  St.  Joseph,  and  a  railroad  camp  was  set  up  1  mi. 
east  of  the  town.  Mormon  men  were  hired  to  help  in  the  con¬ 
struction  (Westover  and  Richards  1963:  25),  hauling  rock  from 
a  quarry  at  Penzance  (Barnes  1960:  247). 

Cattle: 

As  cattle  raising  became  an  important  venture  in  northern 
Arizona  in  the  late  1800's,  its  effect  was  definitely  felt  in 
the  Holbrook-Winslow  area.  Holbrook,  as  mentioned  previously, 
was  a  large  cattle  shipping  center.  Even  Mormon  farmers  have 
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ben  involved  in  ranching  in  this  area.  For  example,  in 
the  early  1900'a  Henry  De  Spain,  eon  of  a  Joseph  City  founder# 
bought  the  Old  Rope  Ranch,  4  ai.  vest  of  Holbrook,  south  of 
the  Little  Colorado  River  (Hestover  and  Richards  1903:  171). 

In  the  1080* s#  however,  the  business  was  dominated  by 
large  cattle  cowpanies  owned  by  eastern  businessmen.  One  of 
the  eost  famous  of  these  large  cattle  cowpanies  was  the  Hash 
Knife  ‘outfit”,  owned  by  the  As  tec  Land  and  Cattle  Company. 

The  Hash  Knife  spread  did  exactly  that  -  over  52,000  sq.  mi. 
of  Arizona  and  Hew  Mexico.  Its  borders  were  SS0  mi.  long  and 
80  mi.  wide  and  included  the  area  south  of  the  Little  Colorado 
River  (Johnson  1958:  4).  In  approximately  1881,  the  Artec 
company's  headquarters  consisted  of  an  adobe  building  at  Obed, 
an  early  Mormon  settlement  just  3  mi.  south  of  the  present 
Joseph  City  (Jennings  1970:  32).  Much  folklore  is  connected 
with  the  Been  Knife  and  its  employees,  including  a  book  about 
Burt  ifTTsrmen  (Hunt  1951) ,  the  manager  who  made  a  brave  attempt 
to  hold  the  outfit  together  at  its  end.  In  1900,  beaten  by 
a  examination  of  over-erasing,  drought,  rustling,  poor  prices, 
and  the  severe  winter  of  1892-99,  the  company  sold  out  to 
Barney  Stiles,  Charlie  wyrick  and  the  Babbitt  brothers  (Mont 
1951:  139  and  Johnson  1958:  39). 

In  1873,  members  of  the  Mormon  faith  were  sank  by  Brigham 
young  in  Utah  to  colonise  the  Little  Colorado  River.  In  May 


of  that  year,  the  first  group  reached  the  river,  but  turned 
back.  In  October  of  1875,  a  second  group  set  off  to  explore 
the  valleys  and  tributaries  of  the  river.  They  returned  to 
Salt  Lake  City  by  January,  1876,  and  on  the  basis  of  their 
favorable  reports,  four  groups  of  50  were  sent  off  to  make 
settlements,  arriving  3  mi.  east  of  Joseph  City  on  March  24, 

1876  (McClintock  1921:  135). 

The  group  led  by  William  C.  Allen  stayed  at  this  place; 
while  George  Lake's  group  went  approximately  4  mi.  downstream 
and  across  the  river,  to  establish  the  settlement  known  first  as 
Lake's  Camp,  and  later  as  Obed.  Lot  Smith  and  company  also  went 
downstream  to  Sunset  Crossing  near  Cottonwood  Wash,  establishing 
Sunset,  while  Jesse  0.  Balinger's  men  set  up  Brigham  City  south¬ 
west  of  Sunset,  near  what  is  now  Winslow  (McClintock  1921:  135 
and  Westover  and  Richards  1963:  7).  In  July,  Allen's  Camp  was 
moved  to  1  mi.  east  of  the  present  site  of  Joseph  City  and  became 
known  as  Allen  City.  In  1952  a  monument  was  erected  at  this  site 
by  the  Daughters  of  Utah  Pioneers. 

Holbrook : 

Holbrook,  located  at  the  junction  of  the  Puerco  and  Little 
Colorado  rivers,  was  founded  in  1871.  Originally  named  Horsehead 
Crosaing,  the  town  was  renamed  in  honor  of  a  railroad  engineer, 

H.  R.  Holbrook.  The  original  inhabitant,  Juan  Padilla,  was  well 
known  for  his  hospitality  and  generosity.  Holbrook  swiftly  grew 
as  an  important  supply,  railroad,  and  ranching  town  as  well  as  a 
major  travel  intersection  (Dreyfuas  1972:  Navajo  County;  Barnes 
1960:  240). 
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CULTURAL  RESOURCE  DESCRIPTION 

No  »itM  wore  discovered  during  the  survey  in  any 
of  the  areas  examined.  The  sole  evidence  of  prehistoric 
materials  in  the  area  were  four  flakes  of  chipped  stone 
found  on  a  knoll  top  area  in  the  eastern  portion  of  the 
rechannelisation  corridor.  These  flakes  were  not  deeded 
significant  enough  to  be  recorded  as  a  site  although  their 
location  was  noted  (Figure  1) .  Throughout  the  survey  area 
fence  posts,  barbed  wire  fences,  miscellaneous  driftwood  and 
planks,  scattered  modern  historic  trash,  end  faint  traces  of 
abandoned  roads  were  observed.  Virtually  all  of  the  material 
was  obviously  associated  with  relatively  recent  (within  the 
last  SO  years)  ranching  and  farming  activities.  No  historic 
remains  warranting  site  designation  were  noted.  In  addition, 
site  file  searches  at  the  Museum  of  Northern  Arizona,  Arizona 
8tate  University,  and  Arizona  State  Museum  indicated  that  there 
were  no  previously  recorded  sites  in  the  project  area. 

There  are  several  reasons  for  the  paucity  of  cultural 
remains  extant  in  the  Little  Colorado  River  floodplain.  Among 
these  is  the  fact  that  all  areas  in  the  floodplain  are  covered 
with  large  amounts  of  silt  which  would  act  to  obscure  the 
evidence  of  prehistoric  and  historic  activities.  The  river 
channel  itslef  is  subject  to  flooding  twice  each  year  which 
would  wash  away  any  cultural  remains  (Fig.  1) .  The  river 
banks  are  subject  to  periodic  flooding  as  well.  As  this 
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flooding  would  be  less  swift  and  violent  than  that  occurring 
in  the  river  bed  itself,  it  would  tend  to  deposit  layers  of 
silt  over  any  cultural  remains  rather  than  washing  them  down¬ 
stream.  Also,  even  if  cultural  remains  remained  present  on 
the  ground  surface,  it  is  very  unlikely  that  they  would  be 
visible,  due  to  the  dense  vegetation  cover  in  most  areas  which 
completely  obscures  the  ground  surface  (Fig.  2) . 

In  addition  to  the  destructive  nature  of  the  floodplain 
environment  on  cultural  remains,  there  is  some  doubt  as  to  whether 
the  floodplain  area  of  this  portion  of  the  river  would  have  been 
heavily  settled  prehistorically.  The  dense  vegetation  in  the 
river  bank  areas  would  have  made  the  construction  of  settleswnts 
difficult  for  a  cultural  group  primarily  adapted  to  the  surround¬ 
ing  desert.  Periodic  flooding  would  also  have  discouraged  the 
construction  of  permanent  settlements.  A  third  factor  which  may 
have  inhibited  settlement  in  the  floodplain  is  that  the  area  is 
infested  with  insects,  especially  mosquitos,  which  would  have 
made  living  in  these  areas  uncomfortable  and  unhealthy.  Coupled 
with  these  factors  is  the  fact  that  the  floodplains  are  surrounded 
by  areas,  primarily  old  river  terraces,  which  are  eminently  more 
suitable  for  the  placement  of  sites  such  as  were  occupied  by  the 
prehistoric  peoples  found  in  the  Little  Colorado  Valley. 
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METHODS 

A  total  of  11.6  linear  ailei  of  proposed  rechannelization 
and  associated  levees  were  visually  examined  during  the  survey. 
Survey  methods  employed  were  as  follows:  in  the  river  channel 
areas,  having  a  width  of  300  feet,  the  three  person  crew  would 
walk  along  one  side  of  the  corridor  spaced  at  intervals  of  50 
feet.  In  this  way,  half  of  the  corridor  could  be  examined  on  a 
single  pass.  After  walking  one  side  of  the  corridor  for  a 
distance  of  one  or  two  miles,  the  crew  would  turn  and  walk  back 
along  the  other  side  of  the  corridor.  Rigid  50  foot  spacing 
could  occasionally  not  be  maintained  due  to  heavy  vegetation 
growth  (Fig.  2) .  This  spacing,  however,  was  adhered  to  the 
great  majority  of  the  time. 

Levee  areas  were  surveyed  in  much  the  sue  way  except 
that  as  these  areas  were  only  50  feet  wide,  the  areas  could 
be  examined  in  a  single  pass.  Spacing  of  the  crew  members 
was  approximately  15  feet. 

Location  of  the  corridor  and  levees  and  the  position  of 
the  survey  crew  were  determined  through  the  use  of  aerial 
photographs  supplied  by  the  Corps  of  Engineers  and  U.S.G.S. 

7.5*  topographic  maps. 

One  small  area  measuring  less  than  0.1  mile  on  a  side 
could  not  be  surveyed  (Fig.  1) .  This  area  was  located  in 
the  midst  of  a  group  of  houses  and  it  was  felt  that  surveying 
the  area  would  constitute  trespassing  and  an  unnecessary 
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invasion  of  the  privacy  of  the  inhabitants  of  the  houses. 

The  area  appeared  to  have  been  disturbed  by  grading  and 
house  construction  at  some  time  in  the  past  and  is  now 
heavily  overgrown  with  vegetation  as  well. 

Photographs  were  taken  of  various  portions  of  the 
project  area  (Figs.  2-3) ,  as  well  as  notes  on  the  project 
area  physiography  and  vegetation. 

The  Arizona  and  National  Registers  of  Historic  Places 
were  consulted.  The  proposed  project  area  does  not  contain 
any  historic  or  archaeological  sites  that  appear  on  or  are 
being  nominated  for  inclusion  in  those  registers.  It  should 
be  noted  that  Native  American  groups  were  not  consulted  because 
no  cultural  resources  were  encountered  and  no  subsurface  tests 
were  conducted. 
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RBCOMtENOATIONS 

As  no  sites  were  discovered  in  the  areas  proposed 
by  the  Corps  of  Engineers  for  rechannelization  or  levee 
construction,  it  is  not  deemed  necessary  to  carry  out 
further  archaeological  investigations  prior  to  the 
initiation  of  construction  activities.  As  outlined 
above,  it  is  possible  that  cultural  resources  could 
exist  below  the  present  ground  surface  in  the  Little 
Colorado  River  floodplain.  It  is  recoanended  for  this 
reason  that  a  program  of  archaeological  monitoring  be 
carried  out  in  conjunction  with  proposed  construction. 

This  would  involve  (1)  advising  the  construction  con¬ 
tractor  of  the  possibility  of  subsurface  cultural  remains 
and  (2)  the  periodic  inspection  of  construction  activi¬ 
ties  by  a  qualified  archaeologist  to  determine  whether 
cultural  remains  are  indeed  being  unearthed.  This  monitor¬ 
ing  program  should  be  more  intensive  for  areas  such  as 
knoll  tops  and  proposed  levee  areas  away  from  the  river 
where  the  likelihood  of  discovering  cultural  resources  is 
somewhat  higher  than  in  the  river  bed  areas. 
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DESIGN  MID  COST 


GENERAL 

1.  This  section  provides  background  aster ial  on  the  design  and 
cost  estiaates  of  the  detailed  plans  studied,  the  single- levee,  double¬ 
levee,  and  flood-proofing  plans.  It  also  provides  plan  and  profila 
sheets  for  the  tentatively  selected  plan,  the  double-levee  plan.  An 
extensive  description  of  the  eleaents  of  the  plans  can  be  found  in 
Section  B,  "Poraulation,  Assesaawnt,  and  Evaluation  of  Detailed  Rians." 


2.  The  levee  plans  include  an  BO-ft  base  width,  trapesoidal  low- 
flow  channel  with  1Vi3B  aide  slopes,  and  selective  clearing  of  the 
streaabed,  1,000  ft  wide,  extending  through  the  project  reach.  The  law- 
flow  channel  would  be  comparable  to  a  recently  excavated  channel  by 
local  interests. 


“•qional  Topography  and  Geology 


3.  The  river  bed  at  Holbrook  is  generally  wide  and  flat  consisting 
aainly  of  fine  alluvial  sands  and  sporadic  clayey  silt  lenses.  The 
underlying  bedrock  in  the  area  consists  aainly  of  Peraian  and  Triasaic 
age  sandstones.  North  of  the  town,  a  belt  of  Triasaic  congloaarate 
occurs.  The  terrain  near  Holbrook  is  cooperatively  flat,  although 
nuaerous,  aaall,  low-lying  hills  occur  within  the  area.  Nor  aany  alias 
in  extent,  the  region  surrounding  Holbrook  is  a  part  of  the  Mogollan 
Plateau,  which  ia  part  of  the  Colorado  Plateau  province.  The 
distinguishing  features  of  this  province  are  the  nearly  horisontal  rock 
formations ,  the  high  altitude  of  the  land  surface  and  the  developaent  of 
numerous  canyons  despite  the  general  aridity  of  the  region. 


Groundwater 


4.  Based  on  the  well  water  depth  recordings  listed  in  Table  D-l, 
for  the  wells  located  on  Plate  D-5,  it  appears  that  groundwater  will  be 
encountered  at  shallow  depths.  Groundwater  depths  along  the  project 
reach  will  be  evaluated  with  greater  certainty  during  future  design 
studies  and  their  related  subsurface  investigations. 


Table  D-l.  Observed  Well  Data 


well  Ground 

Date  Elevation  Location 


Depth  to  Water  Thalweg 
Water  Elevation  Elevation 


4/66-1 

5165 

3  1/2  alias  SB  of  Holbrook 

-54  ft 

5111 

11/72-2 

5080 

3  ailes  W  of  Holbrook 

-33  ft 

5047 

3/68-3 

5090 

5  alias  SW  of  Holbrook 

-39  ft 

5051 

5110 

5048 

5055 


Based  on  U.8.G.S.  15  ain  quad  of  Bolbrook,  Arisons. 
See  Plate  1  for  well  locations. 
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Seismicity 

5.  The  project  arc  is  in  Zone  II  on  the  Seismic  Zone  Nap  of  the 
United  States  (Ref.  ER  1110-2  30  Apr  1977)  and  is  considered  a  moderate 
risk  region.  The  largest  known  earthquake  in  the  State's  history  was 
one  of  epicentral  intensity  VIII  (modified  Nercalli)  recorded  in  1910 
approximately  75  miles  northeast  of  Flagstaff.  Structural  features  and 
locations  of  earthquake  epicenters  in  Arisona  are  given  on  Plate  D-6. 
Pseudo-static  anaysis  of  the  levee  slopes  during  the  design  of  the  levee 
should  be  adequate  to  insure  the  stability  of  the  structure. 

LBVE8  PLANS 

Design 

6.  The  preliminary  hydraulic  design  for  the  levee  plans  was  based 
on  criteria  and  procedures  presented  in  Bt  1110-2-1601  and  applicable 
engineer  technical  letters.  Because  of  the  similarity  of  the  levee 
plana,  specific  design  data  is  provided  only  for  the  tentatively 
selected  plan,  the  double-levee  plan.  In  addition  to  the  structural 
elements  of  the  single-levee  plan,  the  double-levee  plan  includes  the 
south  levee  and  south  interior  drainage  channel  and  an  additional  one 
foot  in  the  height  of  the  levee. 

7.  Since  the  construction  of  the  existing  Holbrook  levee  in  1948} 
considerable  aggradation  has  occurred  in  the  project  reach,  rendering 
the  project  incapable  of  safely  conveying  the  original  design  discharge 
of  60,000  cfs.  Consequently,  the  design  of  the  proposed  plans  in  this 
report  entailed  detailed  analysis  of  past  sediment  deposition  and  a 
projection  of  future  sediment  deposition  in  the  study  area.  Based  on 
these  studies  design  allowances  for  future  sediment  deposition  were 
incorporated  into  the  proposed  plans.  The  sediment  problems  are 
discussed  in  detail  in  paragraphs  22  through  35,  inclusive. 

8.  Plates  D-l  through  D-4  present  the  plan  and  profile  drawings 
for  the  tentatively  selected  plan,  the  double-levee  plan.  Plan  and 
profile  drawings  are  not  included  for  the  single-levee  plan  since  design 
elements  for  this  plan  are  similar  to  those  of  the  double-levee  plan. 
The  water  surface  profile  for  the  one-levee  plan  is  about  1  foot  lower 
than  that  of  the  tentatively  selected  plan.  Hater  surface  profiles  for 
the  SPF  design  discharge  under  future  conditions  (with  sediment 
accumulation)  are  shown  in  Plates  D-l  and  D-4.  The  water  surface 
profile  for  the  100-year  discharge  of  60,000  cfs  under  existing 
topographic  conditions  is  also  shown.  The  existing  Holbrook  levees  was 
designed  to  convey  60,000  cfs  with  2  feet  of  freeboard.  The  profile  for 
60,000  cfs,  as  presented  in  this  report.  Indicates  that  the  existing 
levee  would  be  overtopped  by  this  design  discharge  under  existing 
conditions. 

9.  Mater  surface  profiles  ware  computed  by  the  reach  method  using 
the  Naming  formula.  The  computerised  procedure  contained  in  the  HBC-2 
Water  Surface  Profile  (No.  723-02A)  computer  program,  dev-  loped  by  the 
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Hydrologic  Engineer  Center*  U.S.  Aray  Corps  of  Engineers*  mbs 
utilised.  Contraction  and  expansion  coefficients  of  0.1  and  0.3* 
respectively*  were  applied.  Pour  feet  of  debris  on  each  bridge  pier  mbs 
ass uned  in  the  hydraulic  analysis  for  all  of  the  bridges. 

10.  Roughness  coefficients  ranging  froa  "n"  ■  0.035  for  relatively 
growth-free  areas  to  *n*  ■  .06  for  areas  with  dense  phreatophyte  growth 
were  applied.  Pro*  the  Puerco  River  to  Leroux  Rash  the  phreatophyte 
growth  is  sparse  to  aediua*  with  snail  areas  of  dense  growth.  Studies 
were  also  conducted  to  deternine  the  inpact  of  changes  in  "n"  values  on 
water  surface  elevations.  Assuning  total  channel  clearing  within  the 
project  reach  and  using  an  an"  value  of  0.03S*  the  depth  of  flow  would 
be  about  0.8  feet  less  upstrean  of  the  highway  bridge  and  generally 
about  0.3  foot  less  in  the  downstrean  reach  as  compared  to  depths  of 
flow  under  existing  (1973)  conditions. 

11.  Rater  surface  profiles  were  oonputed  with  unifora  sediaent 
deposition  of  4  feet  upstrean  froa  the  highway  bridge  and  1.5  feet 
downstreaa  froa  the  railroad  bridge.  Sediaent  distribution  between  the 
bridges  was  assuaed  to  vary  froa  4  to  1.5  feet. 

Design  Rater  Surface  Profiles 

12.  Plates  D-l  through  D-4  present  the  design  water  surface 
profile.  The  design  water  surface  profiles  were  deterained  by 
increasing  the  oonputed  values  (with  future  sediaent  allowance)  by  an 
additional  3.0  feet  upstrean  of  the  highway  bridge  to  account  for  the 
indeterainable  effect  of  the  bridge  on  aajor  floodflows.  Downstreaa  of 
the  highway  bridge  the  coaputed  values  represent  the  design  water 
surface  profile.  Plow  velocities  would  generally  range  froa  3  to  13 
feet  per  second  with  the  higher  velocity  occurring  near  the  bridges. 

Plan  Bleaents 


13.  The  following  paragraphs  discuss  design  criteria  of  the  plan 
eleaents  of  the  tentatively  selected  plan  (double-levee  plan) . 

14.  LEVEES.  The  top  of  the  levees  above  the  water  surface  profiles 
indicated  in  plates  D-l  through  D-4  was  deterained  by  providing  for  a 
noraal  freeboard  of  3.0  feet  above  the  design  water  surface  elevation. 
The  proposed  project  was  analysed  to  deternine  the  Mathematical  location 
where  the  levees  w>uld  aost  likely  be  overtopped  by  floods  greater  than 
the  design  flood  (8PP) .  The  ainiaua  discharge  (about  140*000  cfs)  at 
which  the  energy  gradient  would  be  at  the  top  of  levee  would  occur  just 
upstrean  of  the  railroad  bridge.  Discharges  at  which  the  energy  gradient 
would  be  at  the  top  of  the  levee  upstrean  froa  the  highway  bridge  would 
range  froa  about  130*000  to  160,000  cfs.  Downstreaa  froa  the  railroad 
bridge  the  discharges  would  range  froa  165,000  to  190,000  cfs  (energy 
gradient  at  top  of  levee).  The  energy  gradients  used  in  the  analysis 
were  based  on  oonputed  values,  with  future  sediaent  deposition*  and 
allowing  for  an  additional  3.0  ft.  to  account  for  the  indeterainable 
effects  of  the  highway  bridge  for  the  reach  upstrean  froa  the  bridge. 
Coaputed  values  with  future  sediaent  deposition  were  used  downstreaa 
froa  the  highway  bridge. 
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15.  It  is  probable  that  tha  channel  would  degrade  at  the  bridges 
during  najor  flood  events  because  of  the  increased  velocity  at  the 
constriction.  Should  this  occur  the  discharge  capacity  would  increase. 
The  final  determination  on  whether  or  not  the  levee  height  should  be 
increased  at  specific  locations  along  the  project  reach  would  be  refined 
during  detailed  studies,  at  which  tine  the  sediment  problem  would  be 
reevaluated  based  on  data  collected  from  the  recently  installed  sediment 
sampling  stations  at  Holbrook  and  at  Penzance  dam  (see  paragraph  35) . 

15.  BRIDGES.  The  existing  railroad  bridge  (570  feet  long)  would 
be  replaced  with  a  new  bridge,  1,480  feet  in  length,  and  on  1.35-foot 
diameter  piles  with  piers  spaced  30  feet  on  centers.  Plow  would  be 
class  ”B"  with  velocity  of  flow  about  IS  feet  per  second  at  the  standard 
project  flood  discharge  of  107,000  cfs.  The  deck  elevation  of  the 
existing  highway  bridge  (300  feet  long)  is  at  5,079.6.  The  discharge  of 
107,000  cfs  with  future  sediment  deposition  would  overtop  the  bridge 
deck  by  about  8.6  feet. 

17.  MITER  GATES.  Miter  gates,  18.5  feet  in  height,  would  be 
required  at  the  north  and  south  levees  where  Highway  77  crosses  the 
river.  The  top  of  the  miter  gates  would  be  set  at  the  same  elevation  as 
the  top  of  the  levees  iicdiately  upstream  of  the  highway  bridge. 

18.  LOW-FLOW  CHANNEL.  The  double- levee  plan  would  include  an 
80-foot  base  width,  trapezoidal  low-flow  channel  along  the  alineawnt  of 
the  existing  low-flow  channel.  Plows  of  1500  cfs  to  1800  cfs  would  be 
confined  by  the  low-flow  channel.  The  mean  daily  discharges  exceed  2000 
cfs  about  24  days  a  year  on  the  average.  The  proposed  low-flow  channel 
would  enhance  movement  of  sediments  through  the  project  area  during 
smaller  flows,  and  would  also  function  as  a  pilot  channel  in  directing 
larger  flows  and  restricting  meanders.  Holbrook  has  recently  completed 
excavation  of  a  low-flow  channel  from  the  Penzance  diversion  dam  bo  some 
distance  upstream  from  the  highway  bridge.  The  low-flow  channel  is 
roughly  80  feet  wide.  Reports  received  by  the  Los  Angeles  District 
following  a  flood  of  about  12,000  cfs  in  the  study  area  in  August  1977 
indicated  that  the  low-flow  channel  showed  no  signs  of  silting  but  that 
the  banks  were  eroded  at  some  locations.  After  a  flood  of  about  25,000 
cfs  in  1978,  much  of  the  low-flow  channel  bad  filled  in  with  sediment. 
The  filling-in  of  the  low-flow  channel  is  not  an  unexpected  event.  As 
discussed  in  a  subsequent  paragraph,  the  Oorps  of  Engineers,  in 
cooperation  with  the  0.8.  Geological  Survey,  has  initiated  a  program  for 
gathering  and  analysing  sediment  data  in  the  project  area.  The 
information  gathered  from  this  program,  together  with  other  information, 
such  as  the  cost  of  maintaining  the  channel,  will  be  used  during 
advanced  planning  stages  to  reassess  the  necessity  and  value  of  this 
feature  of  the  proposed  plan. 

19.  1  CLEARING.  One  of  the  problems  at  Bo.  .rook  since 
construction  of  the  existing  levee  hes  been  the  proliferation  of 
vegetation,  particularly  salt  oadar,  in  the  streaafced.  to  control  this 
growth  a  1000-foot -wide  strip,  about  15,540  feet  in  lenuth,  would  be 
selectively  cleared  and  maintained  as  a  part  of  the  project.  The 
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proposed  channel  clearing  is  essential  to  help  reduce  the  tendency  for 
sediment  to  deposit  on  the  streambed  during  floods  that  exceed  the  low- 
flow  capacity.  The  strip  would  extend  from  the  upstream  limit  of  the 
project  to  about  6,700  feet  downstream  from  the  railroad  bridge.  The 
limits  of  the  cleared  strip  are  shown  on  plates  D-2  and  D-3.  Existing 
cottonwood  trees  would  be  allowed  to  remain  in  the  strip*  both  for 
environmental  reasons  and  for  their  ability  to  shade  and  discourage 
lower,  more  dense  growth  such  as  salt  cedar.  The  strip  would  also  be 
seeded  with  grasses  and  smaller  shrubs  to  discourage  reentry  of  salt 
cedar,  within  the  limits  of  the  designated  cleared  area,  a  30-f t-wide 
strip  of  existing  vegetation  would  be  allowed  to  remain  on  each  side  of 
the  low-flow  channel  approximately  midway  between  the  channel  and  the 
outer  edges  of  the  cleared  strip.  The  uncleared  strips  would  begin 
about  300  feet  downstream  from  the  proposed  railroad  bridge  and  extend 
downstream  to  the  end  of  the  cleared  strip.  These  strips  of  existing 
riparian  vegetation  would  provide  diver isified  wildlife  habitat  and 
would  mitigate  adverse  impacts  on  the  wildlife.  Periodic  maintenance 
would  be  required  to  remove  new  growths,  including  cottonwoods,  from 
areas  designated  for  removal  of  existing  vegetation  when  the  height 
exceeds  3  feet.  Insofar  as  speed  of  growth  of  vegetation  permits, 
maintenance  mowing  would  be  accomplished  on  a  3  year  program  with  one- 
third  of  the  cleared  area  being  mowed  each  year.  The  rotational  mowing 
program  would  permit  a  2-year  growth  to  provide  wildlife  cover. 

20.  STRUCTURAL  DESIGN  OP  LEVEES.  The  foundation  conditions  are 
adequate  for  the  proposed  improvements.  The  materials  are  primarily 
fine  alluvial  sands  with  intermittent  clayey  silt  lenses.  Bedrock, 
generally  consisting  of  sandstone,  should  not  be  encountered  during  toe 
excavation  or  pilot  channel  construction.  The  groundwater  table  is 
relatively  high  and  may  present  problems  for  heavy  construction 
equipment  during  construction  of  the  channel.  The  levee  embankments 
will  require  approximately  600,000  cubic  yards  of  compacted  fill.  The 
embankment  material  will  be  compacted  to  at  least  95  percent  of  maximum 
density  (A8TM  698)  at  about  optimum  moisture  content.  Levee  slopes  will 
not  be  steeper  than  IV  on  2H.  Design  velocities,  based  on  an  *n*  value 
of  0.028  (total  clearing  of  the  streambed) ,  would  range  from  about  3 
feet  per  second  to  8  feet  per  second  alongside  the  levees.  A  minimum 
riprap  thickness  of  15  inches  would  be  required  to  protect  the  levee 
slope.  Toe  protection  for  the  levee  would  extend  to  an  elevation  equal 
to  the  toe  of  the  existing  revetments  and  to  10  feet  below  the  river 
streambed  at  other  locations.  Grouted  stonework  (15  in.  thick)  would  be 
required  for  levee  slope  protection  beginning  200  feet  upstream  from  the 
highway  bridge  to  200  feet  downstream  from  the  railroad  bridge  where 
velocities  would  range  to  13  feet  per  second.  The  toe  excavation  for 
the  cutoff  may  require  dewatering  depending  on  the  groundwater  levels 
during  construction.  Excavated  materials  msy  be  stockpiled  and  used  for 
the  toe  backfill  operations.  OMpaction  may  be  accomplished  by 
controlled  wheel  loadings.  A  graded  gravel  filter  blanket  will  be 
required  beneath  the  riprap.  A  filter  blanket  6  inches  thick  should  be 
adequate. 


21.  INTERIOR  DRAINAGE.  Drainag*  structures  were  designed  to 
control  the  100-year  ( 1-percent  chance)  peak  discharge  and/or  volusw 
froa  interior  drainage  areas  with  a  coincident  Clow  oC  18,000  cfa  in  the 
riwer  (see  the  discussion  of  the  determination  oC  coincident  flows  in 
Section  F  of  this  appendix  "Hydrology, "  under  the  heading  titled 
"Coincident  flows”) . 

22.  A  ponding  area  (plate  D-3)  would  be  excavated  on  the  north 
side  of  the  river  just  east  of  the  old  fairgrounds  at  a  site  where  an 
existing  uncoapacted  levee  is  presently  used  to  retain  tributary  flows 
from  east  and  northeast  of  Holbrook  (areas  A  and  B  on  pi.  F-16) .  The 
ponding  area,  excavated  to  a  depth  of  about  4  feet  below  general  ground 
surface  and  with  a  surface  area  of  about  59  acres,  would  retain  the 
100-year  flood  volume  of  about  234  acre-feet  from  the  tributaries.  The 
storage  volume  of  the  ponding  area  would  be  adequate  to  reduce  outflows 
during  floods  larger  than  the  100-year  to  near  non-damaging  level. 
During  a  SPP  on  the  east  and  airport  tributaries  (see  plat*  F-20) 
flooding  depths  downstream  from  the  ponding  area  would  be  about  0.7 
foot.  An  outlet  channel  would  connect  the  pond  to  an  existing  double  4 
feet  wide  by  4  feet  high  box  culvert  through  the  Santa  Fe  Railroad 
eabankment  and  the  existing  levee.  The  existing  culvert  would  be 
extended  as  required  with  construction  of  the  proposed  levee. 

23.  An  entrenched  trapesoidal  channel  (pi.  D-4)  would  be 
constructed  along  the  landside  of  the  south  levee  to  drain  tributary 
flows  emanating  from  a  small  drainage  area  (area  H  on  pi.  F-16) ,  most  of 
which  lies  east  of  Route  77  and  south  of  Montano  Street.  The  channel, 
with  a  base  width  of  40  feet,  depth  of  7  feet,  and  2  horizontal  to  1 
vertical  side  slopes,  would  be  designed  to  carry  the  100-year  peak 
tributary  flow  of  960  cfs.  A  five-barrel  concrete  culvert  with  flap 
gates,  each  barrel  7  feet  high  by  8  feet  wide,  would  be  required  at  the 
Apache  Railroad  eabankment. 

24.  A  triple  box  reinforced  concrete  culvert  (pi.  D-4),  with  each 
box  6  feet  wide  by  5  feet  high,  would  be  required  at  the  railroad 
embankment  a  short  distance  southwest  of  the  proposed  culvert  for  the 
trapesoidal  channel.  The  culvert  would  be  designed  for  a  100-year 
discharge  of  530  cfs. 

Sediment  Studies  and  Design  Allowances  for  Future  Sediment  Deposition 

25.  Considerable  aggradation  has  occurred  in  the  Little  Colorado 
River  from  Pentane*  diversion  dam  upstream  too  its  confluence  with  the 
Puerco  River  since  construction  of  the  existing  levee  in  1948.  A  number 
of  reasons  have  been  advanced  to  explain  the  substantial  amount  of 
aggradation  in  the  study  area.  Some  of  these  are:  (a)  deteriorating 
watershed  conditions  due  to  overgrazing;  (b)  phreatophyt*  growth  in  the 
streaabed;  (c)  constriction  at  the  existing  bridge  crossings;  (d) 
sediment  inflow  from  Leroux  Nash,  about  2-1/4  miles  downstream  from  the 
railroad  bridge;  end  (*)  Penzance  diversion  dam,  2.75  miles  downstream 
from  the  Leroux  Mesh  confluence.  Studies  have  indicated  t*>at  items  (d) 
and  (*)  have  not  contributed  significantly  to  the  buildup  in  sediment 
deposition  upstream  from  the  existing  railroad  and  highway  bridge. 
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26.  A  preliminary  version  of  the  HBC  program,  "Scour  and 
Deposition  in  Rivers  and  Reservoirs,"  No.  723-G2-L2470,  dated  January 
1974,  was  utilised  to  analytically  compute  the  amount  of  future 
sedimentation  in  the  study  area.  The  attempt  to  model  past  aggradation 
in  the  streambed  and  to  simulate  future  sediment  transport  in  the  study 
area  was  unsuccessful.  In  lieu  of  further  efforts  to  develop  and  refine 
a  mathematical  model  for  sediment  transport  during  the  plan  formulation 
stage,  design  allowances  for  future  sediment  deposition  were  based  on 
past  aggradation  in  the  study  area  and  engineering  judgment.  Eighteen 
cross-sections  established  during  the  Holbrook  Levee  study  in  1939  were 
used  as  the  basis  for  estimating  past  aggradation.  Streambed  elevations 
from  1973  topographic  maps  (1  in.  ■  200-feet  scale  and  4-feet  contours) 
were  superimposed  on  the  1939  sections.  In  addition,  four  of  these 
cross-sections  were  surveyed  in  194S  and  in  1969.  Examination  of  all 
these  sections  indicated  that  the  streambed  had  aggraded  about  4  feet 
upstream  from  the  bridges  and  about  2  to  3  feet  downstream  from  the 
bridges.  Based  on  experiences  with  similar  streams,  the  study  area 
could  probably  be  subjected  to  a  cyclical  process  of  degradation  and 
aggradation.  For  design  purposes  a  maximum  additional  deposition  of  4 
feet  upstream  from  the  bridges  and  1.5  feet  downstream  from  the  bridges 
was  projected  for  the  study  area  within  the  project  life  of  the  proposed 
improvements.  The  sediment  was  assumed  to  distribute  uniformly  over  the 
streambed.  Future  aggradation  downstream  from  the  bridges  was  estimated 
to  be  about  half  of  past  aggradation  (using  the  upper  limit  of  3  feet 
for  past  aggradation) .  The  flood  plain  downstream  from  the  bridges  is 
relatively  broad,  and  the  rate  of  increase  in  depth  of  deposition  should 
tend  to  decrease  as  available  area  for  deposition  increases.  The  depth 
of  sediment  deposition  was  assumed  to  vary  uniformly  between  the 
br idges . 

Design  Adequacy  of  Sediment  Allowances  for  the  Proposed  Project 

27.  Inspection  of  stream  profiles  (fig.  D-l)  for  the  Little 
Colorado  River  at  Holbrook  reveals  that  5  feet  of  sediment  has  deposited 
adjacent  to  Penzance  diversion  dam  since  1939,  decreasing  to  a  depth  of 
about  2  feet  at  Leroux  Nash  confluence  (2.8  miles  upstream  from  the 
damsite) .  The  deposition  at  the  damsite  is  an  estimate  only  since  the 
1939  topography  used  for  the  previous  Holbrook  Levee  Project  extends 
from  Holbrook  to  about  2.5  miles  upstream  from  the  damsite.  The  1939 
profile  was  extended  to  meet  the  apparent  top  of  the  diversion  dam  as  it 
existed  then  in  1939  (elev.  5,029  feet)  before  the  dam  was  eventually 
raised  to  its  present  sill  elevation  at  5,034  feet.  The  extension  of 
the  1939  profile  and  the  profile  derived  from  the  1973  topography 
illustrates  a  wedge-shape  deposit  of  5  feet  at  the  damsite  (top  of  dam) , 
varying  to  a  depth  of  2  feet  at  Leroux  Nash.  The  sediment  deposition 
varies  from  1  to  3  feet  from  Leroux  Nash  to  the  crossings  of  the 
railroad  and  highway  bridges  in  Holbrook.  Wedge-shape  deposits  range 
from  4  to  2  feet  from  the  bridge  crossings  to  the  upstream  end  of  the 
proposed  Holbrook  Levee  Project,  with  the  higher  depths  prevalent 
immediately  upstream  from  the  bridges. 


28.  The  average  elope*  of  Che  streanbed  in  1939  end  in  1973  (both 
are  nearly  equal)  are  as  lollowe: 

a.  Penzance  dansite  Co  Leroux  Wash  (downs trees  reach):  S  • 

0.0012. 

b.  Leroux  Hash  Co  bridges  Cuddle  reach):  S  ■  0.0021. 

c.  Bridges  Co  upsCreaa  end  (upstream  reach):  S  *  0.0013. 

29.  In  analysing  deposicion  in  Che  project  area  the  following 
factors  appear  prominent: 

a.  Deposicion  at  Che  downstream  and  ups  Cress  reaches  is  at 
about  che  sane  slope  (S  ■  0.001). 

b.  In  Che  aiddle  reach,  which  is  relatively  vide  and  at  a 
slope  that  is  Cvo  tines  greater  (S  ■  0.002  vi  S  ■  0.001)  Chan  the 
downstrean  and  upstrean  reaches,  the  anounC  of  deposicion  is 
comparatively  less  and  also  is  at  Che  ssse  streanbed  slope  as  existed  in 
1939  (S  -  0.002). 

30.  Based  on  Che  discussion  above  and  on  engineering  experience 
and  subjective  jud^ent,  past  and  future  sedimentation  in  the  Little 
Colorado  River  at  Holbrook  is  rationalized  as  follows: 

a.  The  slope  of  the  streanbed  stabilizes  at  about  0.001-the 
present  slope  in  the  upstrean  and  downstrean  reaches.  The  1939  slope 
far  the  sane  readies  was  also  at  about  0.001.  Sedimeuc  deposited 
upstrean  fron  the  diversion  dan  and  eventually  stabilized  at  a  slope  of 
0.001.  Further  aggradation  of  the  streanbed  in  the  downstrean  reach  is 
unlikely  unless  the  dsn  is  raised. 

b.  The  wedge- type  deposition  in  the  downstrean  reach  raised 
the  (tranbed  near  Leroux  Hash  about  2  feet.  The  middle  reach 
correspondingly  aggraded  almost  uniformly  to  an  equivalent  depth  of 
about  1  to  3  feet.  Ho  further  aggradation  is  anticipated  in  the 
dawns  t  re  an  reach;  and,  therefore,  die  middle  reach  should  remain 
relatively  free  of  further  sedimentation.  In  all  probability  the  middle 
reach  would  be  subjected  to  degradation  because  of  its  relatively  steep 
slope. 

c.  Aggradation  in  the  upstrean  reach  wes  induced  by  the 
constricted  bridge  crossings.  Deposition  eventually  stabilised  at  S  ■ 
0.001.  Since  the  proposed  project  does  not  require  the  removal  of  the 
highway  bridge  (the  railroad  bridge  is  to  be  raised  and  exended), 
additional  deposition  could  be  induced  in  the  upetreM  rv^ch*  The 
desipi  of  the  proposed  levees  allows  for  an  additional  4  feet  of 
sediment  deposition  in  the  upstrean  reach  distributed  uniformly  over  the 
streanbed  upstrean  from  the  highway  bridge.  The  slope  of  the  deposition 
would  be  at  about  3.001  or  similar  to  the  existing  streambeu  olcpe,  and 
the  aastaed  deposition  would  raise  the  stremsbad  generally  at  or  above 
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the  grade  of  the  approach  road  to  the  highway  bridge.  Considering  that 
the  upstream  slope  would  be  stable  at  about  0.001,  and  that  sediment 
deposition  induced  by  the  constricted  bridge  crossing  would  probably 
maximize  at  the  grade  of  the  approach  road,  and  that  orifice  flow 
through  the  bridge  opening  constitutes  only  about  10,000  cfs  or  9 
percent  of  the  design  discharge  (the  bulk  of  the  flow  is  over  the 
approach  road  and  bridge  deck),  it  is  concluded  that  the  4-feet 
allowance  for  future  sediment  deposit  would  provide  adequate  assurances 
that  the  integrity  of  the  proposed  improvement  would  be  maintained  for 
project  life.  Sediment  outflow  from  the  project  area  should  at  least 
equal  sediment  inflow  into  the  project  area  under  design  conditions. 
The  presence  of  the  proposed  low-flow  channel  and  the  proposed  selective 
clearing  should  further  enhance  the  sediment  transport  capability  in  the 
upstream  reach. 

31.  The  study  of  sediment  transport  in  the  study  area  involves 
subjective  judgment.  Inadequacies  inherent  in  such  a  study  should  be 
properly  accounted  for  in  the  design  of  the  proposed  improvements. 
Obstructions  and  uneven  distribution  of  sediment  could  result  in 
variances  in  the  computed  water  surface  elevation.  Therefore,  in 
determining  the  design  water  surface  profile  upstream  of  the  highway 
bridge  the  computed  water  surface  elevations  were  increased  3.0  feet  to 
account  for  the  indeterminable  effects  of  the  existing  highway  bridge. 
Also,  an  allowance  of  1.5  feet  for  future  sediment  deposition  downstremi 
from  the  bridges  should  reasonably  account  for  the  uncertainties  that 
are  of  lesser  extent  than  the  upstream  reach. 

3 2.  The  proposed  improvement  was  tested  to  determine  whether 
sediment  deposition  and/or  aggradation  would  occur  during  the  ascending 
and  descending  limbs  of  the  SPF  hydrograph.  The  design  allowances  of 
4.0  ft  and  1.5  ft  of  deposition  upstream  and  downstream  of  the  bridges, 
respectively  were  assumed  as  the  initial  condition  at  the  occurrence  of 
the  SPF. 

33.  The  modified  Du  Boys  equation,  based  on  rationale  and 
methodology  developed  by  LAD  to  predict  scour  and  deposition  for  a 
channel  reach  between  two  drop  structures,  was  applied  in  analysing  the 
sediment  transport  capabilities  of  the  proposed  project.  The  problem 
area  was  divided  into  four  reaches.  Fig.  D-2  presents  pertinent 
infoimation  on  the  relationship  of  the  assumed  profiles  for  the  reaches 
and  the  past  and  present  stream  profiles.  Table  D-3  presents  the 
hyrologic,  geometric,  and  sediment  data. 

34.  Reach  1  referred  to  as  the  “dummy  reach,"  is  a  mathematical 
tool  used  to  generate  a  sediment  load  into  the  study  area.  The 
assumption  is  made  that  sediment  load  inflow  equals  the  sediment  load 
outflow  for  the  duany  reach.  Since  the  LAD  method  for  analyzing  rate  of 
sediment  transport  applies  to  a  isiiform  reach  of  channel  between  two 
drop  structures,  controls  had  to  be  established  for  each  reach.  These 
controls,  particularly  for  Reach  2  and  Reach  3,  were  selected  to  reflect 
as  nearly  as  possible  the  streambed  conditions.  For  Reach  2  the  control 
was  set  at  the  highway  bridge  (about  sta.  294+00)  where  there  is  a 
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pronounced  break  in  the  gradient.  For  Beach  3  the  control  was  set  at 
Sta.  240+00  for  a  sinilar  reason.  Reach  4  is  an  artificial  channel 
intended  to  Aiplieate  a  channel  with  the  sane  general  invert  slope  as 
prototype.  This  reach  was  inserted  primarily  to  non i tor  the 

sensitivity  of  the  downstreasi  reach  to  sedimnt  load  passing  the  control 
at  Sta.  240+00. 

35.  The  Combined  Sed inant  Transport  conputer  progran 
( 722*^1-L1-015)  was  used  in  the  solution  of  the  nodified  Du  Boys 
equation  for  rate  of  sedinent  transport.  A  sianary  of  the  results 
obtained  fran  the  sedinent  study  is  shown  in  Table  D-4. 

36.  The  results  of  the  sedinent  transport  study  shown  in  Table  D-4 
could  be  converted  to  aa  "average  depth"  basis  as  follows: 

TABU  D-2 


REACH 

1 

2 

3 

4 


AVERAGE  DEPTH  OF  AGGRADATION* 


AT  SPF  FEAR  DISCHARGE 


AT  END  OF  SPF 


(DOMT  REACH) 
0.3  ft. 
-1.3  ft. 
0.4  ft. 


(DUMT  REACH) 
0.4  ft. 
-1.5  ft. 
0.5  ft. 


*  Aggradation  in  Reach  2  and  Reach  4  and 
degradation  in  Reach  3  continuous  during 
ascending  and  descending  lisu>  of  the  SPF 
hydrograph. 


TABU  D-3 

GEOMETRIC  6  SRDIICMT  DATA 


REACH 

Trapesoidal 

Avar age 

Mean 

section 

invert 

Length 

ll-M 

n 

sise 

Base  width 

Side  slope 

slope 

sedinent 

(ft) 

(horsvert.) 

(ft/ft) 

(ft) 

(an) 

1 

1000 

2  :  1 

.00140 

15,000 

.035 

.3 

2 

1400 

2  :  1 

.00133 

8,000 

.035 

.3 

3 

2000 

2  :  1 

.00210 

6,000 

.035 

.3 

4 

3000 

2  s  1 

.00121 

22,500 

.03S 

.3 
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HYDROLOGIC  DATA 


Standard  Project  Flood  "Stepped"  Hydrograph 


DURATION 

DISCHARGE 

DURATION 

DISCHARGE 

(HRS) 

(CFS) 

(HRS) 

(CFS) 

4 

1000 

2 

57000 

4 

5000 

2 

54000 

2 

17000 

2 

42000 

2 

31000 

2 

32000 

2 

53000 

2 

26000 

8 

65000 

4 

19000 

2 

78000 

4 

11000 

2 

92000 

4 

7000 

2 

105000 

4 

5000 

2 

103000 

8 

3000 

2 

84000 

TABLE  D-4 

SEDIMENT  LOAD  IN 

SPF  PEAK  (107.000  cfs) 

CU.  YDS. 

END  OF 

SPF  HYDROGRAPH 

REACH 

INFLOW 

OUTFLOW 

NET  CHANGE 

INFLOW 

OUTFLOW 

NET  CHANGE 

1 

1,397,800 

IN  VOLUME 

0 

2,056,600 

Of  VOLUME 

0 

2 

1,397,800 

1,265,000 

132,800 

2,056,600 

1,891,000 

164,800 

3 

1,265,000 

1,845,700 

-580,700 

1,891,000 

2,575,300 

-665,500 

4 

1,845,700 

924,100 

921,600 

2,557,300 

1,362,300 

1,195,000 

NOTES: 

(1)  Reach  1  ia  "duaiy  reach" 

(2)  Aggradation  occura  in  Reach  1  and  Reach  4  during  aacending 
and  deacending  limb  of  hydrograph. 

(3)  Degradation  occura  in  Reach  3  during  aacending  and 
deacending  liab  of  hydrograph. 

(4)  Initial  condition  reflecta  4.0  ft.  and  1.5  ft  of  aediaent 
depoaited  on  atreaabed  upatreaa  and  downatreaa  of  the 
bridges,  respectively*  prior  to  occurrence  of  SPF. 

37.  The  aggradetion  that  would  occur  during  the  occurrence  of  the 
SPF  would  be  within  tolerable  liaita  of  the  3.0  ft.  noxaal  freeboard  for 
the  leveea. 
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Future  Sediment  Trnmort  Studies 

38.  The  Corps  of  Engineers  has  initiated,  in  conjunction  with  the 
U.S.  Geological  Survey,  a  progrsa  to  aeasure  and  analyse  sediaent 
discharge  in  the  Little  Colorado  Kiver  at  Holbrook,  Arisona.  Autoaatic 
sediaent  saaplers  have  been  installed  at  Pensance  Daa  near  Joseph  City 
and  at  the  highway  bridge  in  Holbrook.  These  autoaatic  saaplers  have 
been  in  operation  since  June  1979.  In  addition,  a  crest-stage  gage  has 
been  installed  at  the  highway  bridge  on  Leroux  Hash  where  the  USCS  would 
collect  suspended  sediaent  saaples.  The  sediaent  data  would  be  utilised 
during  detailed  design  studies  to  reevaluate  aediaent  transport  in  the 
project  and  aatheaatically  define,  with  the  use  of  the  HEC-6  coaputer 
prograa,  sediaent  deposition  and/or  aggradation  in  the  Little  Colorado 
River.  Availability  of  physical  data  to  deteraine  sediaent  load  would 
enhance  the  calibration  of  a  aodel  to  sinulate  sediaent  transport  in  the 
study  area  and  to  adniaise  the  a  any  uncertainties  relating  to  sediaent 
aoveaent  in  the  design  of  the  proposed  project. 

Construction 


39.  CONSTRUCTION  PERIOD.  Construction  of  the  levee  plans  would 
require  about  9  aonths.  The  esiaated  construction  tiae  assises  a 
continuous  operation.  Since  freesing  winter  teaperatures  and  high 
suaaer  teaperatures  occur  at  Holbrook,  the  placing  of  concrete  should  be 
planned  for  periods  of  aild  weather.  Holbrook  experiences  both  s laser 
and  winter  rains;  however,  the  priaary  rainy  season  is  the  suaser,  with 
aoet  peak  flows  occurring  in  the  aonths  of  July  through  October. 
Avoidance  of  these  aonths  to  the  extent  possible  in  scheduling 
construction  would  be  advantageous. 

40.  MATERIAL  SOURCES.  Sufficient  quantities  of  borrow  aaterials 

aay  be  obtained  frca  designated  borrow  areas  aloog  the  northern 
foothills  bordering  Holbrook,  see  Plate  D-5.  Borrow  site 

investigations,  conducted  in  the  project  area,  for  the  original  Little 
Colorado  River  levee  project  by  die  Los  Angeles  District  in  1945, 
indicate  layers  of  clayey  silt  and  silty  sand,  overlain  by  a  layer  of 
gravel  along  the  northwest  foothills.  A  siailar  soil  profile  is 
expected  in  the  designated  borrow  areas .  Native  streanbed  aaterials 
consisting  nainly  of  fine  incanpected  alluvial  sands  are  inevitable  for 
use  in  construction  of  the  levee.  Pending  further  site  investigations, 
aaterials  froa  die  proposed  59-acre  ponding  area  east  of  the  Old  Navajo 
County  Fairgrounds  aay  provide  additional  borrow  fill.  Excavation  of 
the  north- side  pond  and  the  south-side  drainage  channel  would  supply 
about  17  percent  of  the  required  fill  aaterial  for  levee  construction. 
The  aaount  of  concrete  required  is  saall — less  than  900  cubic  yards—and 
can  probably  be  supplied  by  local  plants.  Gravel  of  adequate  gradation 
and  quantity  will  be  obtained  froa  the  designated  borrow  areas  along  the 
northern  foothills  bordering  Holbrook.  Medina  hard  sandstone  can  be 
obtained  frca  the  quarry  at  Pensance  aiding  located  approxiaately  5 
ail  as  west  of  Holbrook.  Baaed  on  testing  done  by  th.  Los  Angeles 
District  in  Deceaber  of  1976,  the  quarry  rock  was  found  to  be  a  aediua 
hard  sandstone  that  will  provide  adequate  slope  protection. 
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41.  COST  ESTIMATE.  The  estimated  first  cost  of  the  levee  plans 
includes  estimates  for  construction,  rights-of-way,  relocation  of  people 
and  utilities,  recreation,  and  beautification.  Allowances  for 
contingencies,  engineering  and  design,  and  supervision  and 
administration  of  construction  are  also  included  in  estimated  first 
costs.  Unit  prioes  were  developed  using  September  1979  material, 
equipment,  and  labor  costs  typical  of  the  study  area.  Detailed  cost 
estimates  for  the  levee  plans  are  shown  in  Tables  D-5  and  D-6. 
Rights-of-way  costs  are  estimated  fair  market  value  for  interests  which 
must  be  purchased  (September  1979)  based  on  an  analysis  of  sales 
information  and  inspection  of  the  lands  involved. 

Operation  and  Maintenance 

42.  Operation  and  maintenance  of  the  proposed  project  would  be  the 
responsibility  of  the  City  of  Holbrook  and  would  include,  but  would  not 
be  limited  to:  (a)  any  repairs  necessary  to  maintain  the  integrity  and 
functionality  of  the  levees  and  other  drainage  structures  provided  as 
part  of  the  project,  including  removal  of  sediment  from  the  northside 
pond;  (b)  removal  of  any  large  sediment  deposit  near  the  Leroux  Hash 
confluence  that  inhibits  the  ability  of  the  project  to  function  as 
designed,  whether  the  deposit  originates  from  Leroux  Hash  or  the  Little 
Colorado  River;  (c)  establishment  and  administration  of  a  plan  for 
operating  the  miter  gates,  including  the  designation  of  responsible 
personnel  and  periodic  drills;  (d)  operation,  maintenance,  and 
replacement  of  recreational  facilities;  (e)  removal  of  vegetation  from 
the  cleared  strip  when  it  exceeds  3  feet  in  height;  and  (f)  overseeing 
and  regulating  the  land  within  the  easements  and  rights-of-way  acquired 
for  the  proposed  project  so  that  no  construction  or  other  use  impairs 
the  functional  capacity  of  the  project. 

43.  Operation  and  maintenance  costs  for  the  project  are  estimated 
at  $59,000  annually  ($49,000  for  flood  control;  $10,000  for  recreation). 

FLOOD  PROOFING  PLAN 

Design  and  Cost 

44.  Design  and  costs  for  flood  proofing  structures  in  the  flood 
plain  were  based  on  coats  established  by  house  movers,  average 
architectural  fees,  and  code  established  by  the  booklet,  "Elevated 
Residential  Structures,"  published  by  the  Department  of  Housing  and 
Urban  Development.  The  cost  of  raising  an  average  single  family 
residence  is  estimated  at  $19,400.  (See  table  D-7.)  Design  is  based  on 
an  average  1500  square  foot  house  on  a  foundation.  Houses  on  slabs 
would  cost  an  additional  $5,300  per  house.  Structures  would  be  raised 
an  average  of  seven  feet  above  ground  level  (see  pi.  B-7). 

45.  The  above  costs  would  be  for  single  family  houses  to  be 
raised.  Costs  would  vary  depending  on  the  size  of  any  type  of 
structure.  Structures  flooded  by  SPF  depths  of  less  than  two  feet  would 
be  protected  by  a  floodwall  encircling  the  structure.  Structures 
flooded  by  depths  greater  than  2  feet  would  be  raised  and  a  new 
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foundation  would  be  built.  Table  D-8  displays  the  total  cost  for  the 
flood  proofing  plan. 

Operation  and  M^gtgMgo» 

46.  Operation  and  naintenanoe  oosta  were  not  eatiaated  for  the 
floodproofing  plan.  These  oosta  are  aaauned  a  part  of  noraal  operation 
and  naintenanoe  of  a  household  and  inoreaantal  coats  were  not 
calculated. 
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TABU  D~5.  Coat  Eitiutc  —  LiCClc  Colorado  River 
Holbrook,  Aricona 
Single-Levee  Plan 
(Septeaber  1979  pricea) 
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TABLE  D-6.  (Continued) 
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“T  $  83,200 

Totri  Project  Coete  $9,634,000 


TABLE  D-7.  Coat  of  floodproofing  •  tingle  family  residence 
(September  1979  prices) 


I  ten 

Coat 

Architectural  fee 

$  1,800 

Professional  mover 

5,300 

Exterior  treatment 

(stairs i  walkway,  etc.) 

1,400 

Foundation 

2,100 

Duct  work 

1,800 

Minor  structural  repairs 

1,100 

Modifications  to  heating  and 
cooling  system 

6  00 

Esthetic  treatment  * 

2,400 

Contingencies  (172) 

2,900 

Total 

819,400 
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TABU  D-8.  Coat  Mtinete  -  flaedproufing  plan* 
(StpMCkr  1979  priaaa) 

Iwbtr  of 


Building  type 

building* 

Unit  Coat 

Coat 

Single  fanily  raaidanea* 

509 

$19,400 

$  9,875,000 

flood  depth*  greater 
than  2  feat 

Single  fanily  reaidancea 

71 

13,300 

944,000 

flood  depth*  lea*  than 

2  feet 

Ccnaercial 

Auto  repair  and  aale* 

13 

19,300 

251,000 

Strip 

71 

19,300 

1,370,000 

Tbo-atory 

4 

19,300 

77,000 

Motel* 

IS 

89,500 

1,611,000 

Beatauranta 

10 

19,300 

193,000 

6a*  atationa 

14 

19,300 

270,000 

Public 

Office* 

15 

30,200 

453,000 

School*** 

34 

37,500 

1,275,000 

Churcbea 

9 

30,200 

272,000 

Induatrial 

Harehouae* 

9 

89,500 

806,000 

Manufacturing 

14 

89,500 

1,253,000 

total 

791 

$18,650,000 

*  Mobil*  ban  not  included.  North  aid*  of  riuer  only.  A  few 
abandoned  bouaes  were  eliainated. 

a*  Differ*  frw*  ecenoadc  appendix.  This  figure  show*  actual  maber  of 
building*  compared  to  nunbar  of  achoola  ahoun  in  econonica. 
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Section  E 


ECONOMIC  EVALUATION  OF  ALTERNATIVES 

1.  This  section  economically  evaluates  each  of  the  detailed 
alternative  plans  of  improvement.  Three  measures  of  economic  efficiency 
were  utilised  in  analysing  each  of  these  alternatives:  bene fit* to- coat 
ratio,  net  benefits,  and  internal  rate  of  return.  The  benefit-to-cost 
ratio  indicates  whether  a  given  proposal  analysed  at  the  rate  of  return 
estabished  by  the  Water  Resources  Council  (currently  7-1/8  percent) 
would  return  more  in  benefits  than  it  would  cost.  The  net  benefits, 
however,  represent  the  difference  between  the  benefits  and  the  costs, 
analysed  at  the  Water  Resources  Council  discount  rate.  The  maximum  net 
benefits  indicate  the  scale  of  the  project  returning  the  greatest  excess 
of  benefits  over  costs.  The  internal  rate  of  return  indicates  the 
interest  rate  where  costs  of  the  project  equal  the  benefits  over  the 
period  of  analysis  or  where  the  benefit- to-cost  ratio  equals  one 
(1.0:1).  (See  table  E-l  at  the  end  of  this  section.) 

METHODOLOGY 

2.  The  estimates  of  the  project  costs  and  benefits  for  each 
alternative  were  based  on  September  1979  price  levels.  The  levee 
alternatives  were  assumed  to  be  operative  for  100  years  and  the 
floodproofing  alternative  for  40  years.  Sufficient  allowance  was  made 
for  annual  operation  and  maintenance  costs  to  insure  the  long-range 
functioning  of  each  project.  The  construction  costs  were  converted  into 
annual  payments  over  the  life  of  the  project,  using  a  discount  rate  of 
7-1/8  percent.  Operation  and  maintenance  costs  were  then  added  to 
arrive  at  the  total  annual  charges. 

3.  The  levee  plans  were  designed  to  reduce  flood  damages  and 
hazards  and  to  provide  increased  and  improved  recreational 
opportunities.  The  floodproofing  plan  would  reduce  flood  damages  and 
hazards.  Flood  damages  prevented  were  calculated  by  comparing  the 
damages  that  would  be  expected  to  occur  over  the  project  life  without  a 
project  with  those  damages  that  would  be  expected  to  occur  with  a 
project  in  place. 

4.  Hydraulic  studies  were  made  to  determine  the  extent  of  the 
overflow  area,  the  depth  of  inundation,  and  the  velocity  of  flow  for 
each  flood  magnitude. 

5.  Depth-damages  relationships  were  used  to  evaluate  the  impact  of 
the  anticipated  flows  on  development  in  the  flood  plain.  These 
relationships,  which  were  developed  for  each  land-use  category  from  the 
local  historical  flood-damage  reports,  have  been  verified  and  adjusted 
for  different  hydrological  conditions  after  each  flood  in  the  Los 
Angeles  District.  Depth-damage  curves  (shown  in  table  E-2),  when 
applied  to  damageable  property,  were  used  to  develop  unit  flood  damages 
(damages  per  unit  of  development). 


6.  Tablet  E-3,  E-4,  and  E-5  show  unit  damages  from  various  floodat 
with  and  without  the  affluence  factor.  Unit  damages  by  flood  and  land 
use  were  then  multiplied  by  the  nuafcer  of  units  to  calculate  estimated 
damages  (table  E-6) .  Table  E-7  presents  damages  from  interior  flooding 
(tributaries  to  the  Little  Colorado  giver  at  Holbrook). 

7.  Income  losses  and  emergency  cost  reflect  lost  weges  to  the 
residents  and  cleanup  cost  for  businesses  and  homes  in  the  flood  plain. 
A  regression  analysis  was  made  correlating  depth  of  flooding  with  (a) 
days  spent  at  home  cleaning  up  after  a  flood  for  residential  uses  and 
(b)  days  establishments  closed  for  conercial  uses  because  of 
flooding.  Commercial  business  losses  were  calculated  by  considering  the 
length  of  cleanup  time  and  wages  expended  only  on  cleanup.  Lost  wages 
were  computed  by  using  the  mean  family  income  ($11,700)  of  residents  in 
the  flood  plain.  The  lost  wages  were  related  to  depth  of  inundation. 
With  the  exception  of  no  attempt  was  made  to  estimate  the  floodfighting, 
evacuation,  and  other  emergency  cost. 

8.  Damages  for  each  type  of  land  us  and  business  and  emergency 
losses  were  summed  for  each  flood.  The  damage-discharge  relationship 
for  project  year  one  conditions  is  shown  on  plate  E-l. 

9.  The  damages  expected  to  result  from  each  sise  flood  were 
weighted  by  the  probability  of  occurrence  of  that  flood  by  combining  the 
damage-discharge  and  discharge-frequency  curves.  Average  annual  daaMges 
were  then  calculated  by  using  standard  damage- frequency  integration 
techniques.  The  discharge-frequency  and  damage-frequency  curves  are 
also  shown  on  plate  E-l.  Equivalent  annual  damages  were  computed  next 
by  summing  the  present  worths  of  average  annual  damages  and  applying  the 
capital  recovery  factor  (partial  payment  series)  for  a  7-1/8  percent 
discount  rate.  Table  E-8  presents  the  average  and  equivalent  annual 
damages  for  the  flood  plain  without  the  project;  included  in  the  table 
are  the  daaages  from  flooding  by  both  the  Little  Colorado  Eiver  and 
interior  drainage.  Damages  increase  during  the  first  50  years  of 
project  life  due  to  aggradation  of  the  riverbed  and  productivity 
increaaes  on  contents  of  residential  property. 

10.  To  evaluate  the  impact  of  aach  alternative  plan,  the  frequency 
curves  associated  with  the  improvements  were  used,  with  adjustments  made 
for  the  new  channel  capacities.  These  curves  were  then  applied  to  the 
basic  damage-discharge  curves.  Average  annual  damages  remaining  with 
the  project  in  place  were  calculated  by  integrating  the  "with  project" 
frequency  curves  and  the  damage-discharge  curves.  Equivalent  annual 
damages  were  calculated  at  a  7-1/8  percent  discount  rate  for  the 
appropriate  project  life.  Average  annual  and  equivalent  annual  damages 
remaining  with  each  alternative  are  shown  in  table  E-9. 

11.  flood  damage-reduction  benefits  attributable  to  each  plan  are 
the  difference  between  the  damages  without  the  plan  and  the  damages 
remaining  with  each  alternative.  Damages  prevented  are  shown  in  table 
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12.  The  flood  control  coots  for  tvo  of  the  throo  alternatives 
presented  are  economically  justified  under  present  conditions  of 
developswnt.  This  is  deswnstrated  in  table  I>1  where  the  benefit- to- cost 
ratio  for  each  alternation  under  present  conditions  is  given. 

13.  The  inpact  of  growth  in  personal  incone  was  no  soured  for 
present  and  future  developnant  by  assuaing  no  growth  in  danagaable 
residential  values.  In  accordance  with  IK  1105-5-351,  and  dne  to  the 
uncertainty  of  projecting  future  per-capita  consunption  of  danagaable 
itens,  the  future  value  of  contents  was  1  ini  ted  to  a  maximum  of  75 
percent  of  structural  value. 

PRESENT  LAND  USE 

14.  The  overflow  area  of  the  Little  Colorado  River  in  the  vicinity 
of  Holbrook  is  prinarily  in  natural  uses.  Of  the  2,600  acres  subject  to 
inundation  by  a  standard  project  flood  (IFF),  500  are  in  urban  use.  All 
of  this  urban  area  is  within  easy  access  of  U.S.  Highway  66  or 
Interstate  40.  Approximately  632  hones  and  26  nobile  hones  are  within 
the  SPF  overflow  area.  Much  of  the  property  in  the  SPF  overflow  area  ie 
tourist-related  coanercial  (note Is,  service  stations,  restaurants,  and 
Indian  jewelry  stores).  Tables  E-U  and  1-12  show  the  present  land  use 
in  the  flood  plain  of  the  Little  Colorado  River  and  in  the  area  flooded 
by  interior  drainage. 

PRESENT  VALOIS  OF  DAMAGEABLE  PROPERTY 

15.  Present  (1979)  values  of  developnents  in  the  overflow  area 
were  obtained  fron  nany  sources.  Istiaates  of  inprovenent  values  for 
private  property  were  nade  by  (a)  ssnpling  developnant  carried  on  the 
Navajo  County  tax  assessor's  books  and  adjusting  the  assessed  valuation 
to  aarket  value,  (b)  consulting  knowledgeable  real  estate  brokers  for 
valuation  data,  and  (c)  performing  field  inspections  and  appraisals  of 
developnant  using  references,  sudi  as  the  Marshall  valuation  services. 
To  deteraine  the  value  of  residential  contents,  the  Los  Angeles  District 
nade  a  survey  of  18  insurance  companies  and  claias  adjusters. 
Information  on  homeowners'  fire  insurance  policies  was  sought  from  these 
experts,  who  were  asked  specifically  about  the  value  of  contents  in 
houses  that  had  been  eoapleely  destroyed  in  order  to  exclude  any  smoke 
(Image  that  night  skew  content  dona  geo.  They  reported  that  sottlanent 
for  contents  generally  ranged  fron  40  to  60  percent.  Sene  informal 
ssnpling  by  the  District  in  the  Holbrook  area  confirmed  theee  figures. 
The  average  value  of  contents  from  hones  in  the  overflow  area  is 
estimated  at  40.5  percent  of  the  structural  value.  Comereial  values 
were  based  on  recent  values  obtained  for  establiehnants  on  a  square- foot 
basis.  Public  property  values  were  obtained  fron  appropriate 
governmental  agencies.  Unit  values  of  present  development  are  shown  in 
table  1-13. 


nmu  mm  or  mmmkabu  pbokity 

1*.  ht«n  dnliopat  fee  lelbreek  was  projected  to  a»*t  tkc 
espeeted  iaerbeee  in  r*pelitiea  tkM#  1990.  Ion*  of  this  develepacat 
is  eapected  to  loeato  Within  tkl  flood  plain  fringe. 

H.  H»  feters  wl*  of  content*  por  vooidoneO  ooo  projoctod  at 
Oo  OBUt  roto  of  increase  io  personal  per-cepita  lacoOo  (2.6  percent 
aaaaslly).  Ho  win  of  fotovo  content*  increased  to  a  aarioo  of  75 

C  reoat  of  the  eelae  of  the  atraetara  ia  eoaformaaee  with  11  1105-2-351. 

iaetaeea  ia  value  of  other  edsting  dmlopaiti  aaa  clalaod.  Table 
1-14  gives  proaoot  aad  fat ora  value*  of  the  project  subject  to 
iaoadatioa. 

PBOJKCT  com 

18.  The  project  coeta  iacladb  the  astiaatod  firat  coat*  for  the 
project  aad  the  aaaoal  char  go*  for  each  project  feature  of  each 
alteraatiaa. 


firat  Coats 

19.  The  eetiaated  firat  coots  for  the  project  include  estiaates 
far  construction,  engineering'  design,  supervision  aad  adnini  strati  on, 
relocation'  riyts-of-wey,  beautification'  uitigstion,  aad  an  allowance 
for  contingencies.  Unit  prices  were  developed  by  using  current 
(September  1979)  nstarialt  egaifSfsat'  and  labor  coat*  for  the  basic 
facilities'  as  Sell  as  the  cost  far  additional  lead.  TO  appraise  the 
load  coats,  the  sites  of  the  recoaaendod  iaproVHboatS  aura  inspected  aad 
the  real  estate  aarket*  concerned  vers  analysed.  The  cost  of 
limits  of-U*y,  dhich  includes  aegaisition  costs,  is  based  on 
deuslopaaatS  currently  in  place.  Table  fe-1  shows  the  first  costs  of 
eaeh  alternative  by  project  footers  ar*  purpose. 

Annual  Cbmad 

20.  Kstiaatos  ware  cads  of  the  tile  it  would  taka  to  coast  rut  t 
each  feature  of  oath  alternative.  Me  interest  bring  construction  was 
charged  an  all  irons  would  be  operatised  aad  Would  be  accruing  benefits 
within  a  year  after  construction  oafs  initiated.  Total  first  costs  were 
converted  to  annuel  payouts  by  applying  the  capital  recovery  factor  at 
the  currant  interest  rata  of  7-1/8  percent  far  180  years  far  levee 
alternations'  and  40  years  for  the  flaOdproofiag  altemetivu*.  in  this 
aaaoal  pWjjfwaai  was  added  the  estimated  anaad  Sharps  for  operation  and 
maintenance  of  tbs  project.  Ansae!  char  gas  fins  include  (a)  interest 
end  amortisation  the  teed  ihVaSWadSt  over  the  project  life,  and  (b) 
evarwps  imi  costs  of  project  msiaraoenci  aad  operatioa.  Table  i-i 
chews  the  camel  charge*  eoaputec  far  esch  project  feature  of  each 
alternative. 


PROJECT  BENEFITS 


21.  Most  alternative  plans  were  fonsulated  for  multipurpose  use  of 
the  flood  plain  resouroes.  Recognition  was  also  given  to 
nonquant Iflahle  beneficial  iapaot,  such  as  the  reduction  in  the  threat 
to  loss  of  life,  the  decrease  in  disease  hazard,  and  the  cost  of  the 
severe  economic  and  sooial  dislocation  oaused  by  large  floods,  which  did 
not  lend  themselves  to  quantification  and,  therefore,  do  mot  appear 
explicitly  in  the  benefit  estimates. 

22.  Alternatives  to  the  base  oonditlon  (no  action  plan)  provide  a 
variety  of  benefits.  Structural  alternatives,  the  single-levee  and 
double-levee  plans,  provide  flood  control  and  recreation  benefits.  The 
floodproofing  plan  provides  flood  oontrol  benefits  only. 

Flood  Control  Benefits 

23.  Quantifiable  flood  control  benefits,  discussed  in  the 
following  paragraphs,  lnolude  flood  damage  reduction,  advanced 
replaoement  of  bridges,  and  reduction  in  insurable  losses. 

24.  REDUCTION  IN  INSURABLE  LOSSES  TO  HOUSES  THAT  ARE  PERMANENTLY 
EVACUATED..  This  benefit  category  recognizes  losses  that  are  Incurred 
by  residents  of  the  flood  plain  but  are  borne  by  the  general  public. 
These  losses  are  transmitted  to  the  general  public  through  subsidized 
flood  insurance.  Insurable  losses  are  calculated  by  first  determining 
probable  annual  and  then  equivalent  annual  damages.  Expected  annual 
deductable  costs  and  insurance  premiums  are  subtracted  from  equivalent 
annual  damages  to  give  equivalent  annual  benefits  for  reduction  in 
insurable  losses.  { 

(Equivalent  Annual  Damages)  -  (Expected  Annual  Deductible  Costs  +  Annual 
Insurance  Premiums  =  Reduction  in  insurable  losses 

Single-levee  612,000  -  61,600  *  610,400  say  610,000 
Double-levee  6  5,000  -  6  360  r  6  4,640  say  6  5,000 

25.  FLOOD  DAMAGE  REDUCTION.  The  flood  damage-reduction  category 
reflects  the  savings  attributable  to  the  prevention  of  direot  damages 
Inflicted  by  floodwaters  on  real  and  personal  property.  Also  inoluded 
is  some  measure  of  the  reduction  of  nonphysical  losses  that  would 
otherwise  be  experienced  by  residents  of  the  area  in  terms  of  lost  wages 
and  loss  of  return  on  oapltal  investments.  These  flood-damage-reduction 
benefits  were  estimated  by  evaluating  damages  that  would  occur  to 
present  and  projected  development  if  no  project  were  constructed  and 
then  deducting  the  damages  that  would  be  expected  to  ooour  if  eaoh 
alternative  plan  was  in  place.  Any  such  reduction  during  the  project 
life  was  claimed  as  a  benefit.  Also,  damages  were  a  function  of 
damageable  property  as  well  as  hydrologic  and  topographlo  conditions. 

26.  MAXIMIZATION  OF  NET  BENEFITS.  An  analysis  was  performed  to 
determine  the  scale  of  development  that  maximised  net  annual  eoooonlo 
benefits.  The  Analysis  was  performed  for  the  tentatively  selected  plan 
(double-levee  plan)  only.  The  analysis  for  the  single-levee  plan  would 
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•*■**••  Ftgun  1-2  graphically  presents  thU  analysis,  aad  shews 
that  the  optiaun  acala  of  dowel  opasnt  it  n  ffr  design.  Masinisatioo 
*“•  ■*  carried  beyond  »F  (1000  year)  because  of  natrons  lioitatieue  iu 
accuraacy  in  dealing  with  each  rare  arante 

27.  BtUMR.  hglcjMt  hanafita  are  aa  adjaaf  ear  to  the  aaat 
of  a  project  that  ideatifiae  the  uec  of  aa  othoxvise  woanpleyed 
resource.  Specifically,  these  hanafita  are  idaatifiod  aa  peynents  to 
—nploysd  labor  resources  directly  eoployed  in  the  construction  and 
iasta Uation  of  a  pit.  The  nest  recoat  (October  1979)  uaenplcyaeat 
rata  in  Bavajo  County  «m  8.7  perett.  The  cotty  has  hot  dee i gnat od  a 
Title  IT  in  m  qualified  area  by  the  Departntt  of  Coanerce  aiaee 
February  1970,  tich  claeeifiae  the  cotty  as  being  eligible  for 
radars  lopntt  aesistaace. 

28.  Ia  accordance  with  81  1105-2-351  benefits  tee  takea  for  the 
abort  tea  increase  in  aaplopaeat  that  told  be  created  by  the 
eenetrwetin  of  any  of  the  alternatives.  The  on  loot  alternative  will 
create  220  person  weeks  of  work,  the  two  levee  alternative  258  person 
take  and  the  floodproofiag  alternate  2959  person  week s.  The  anploytt 
bet  fit  calculations  for  each  al teraative  follows: 

Single  lout  alternative-200  whs  a  80  hrs  a  $10.81  a  .55  a  .07132  -  $3,882 

•ay  $8,000 

Bobble  levee  site  native- 258  whs  a  80  hra  a  $10.81  a  .55  a  .07132  -  $8,281 

My  $8,000 

Floodproofiag-  2980  oka  a  80  hrs  a  $10.81  a  .55  a  .07132  ■  $89,278 

say  $89,000 


lecraatioaal  Bet  fin 


29.  Becnetioa  benefits  will  derive  fran  the  construction  of  a 
picnic  are a  aad  a  bicycle  trail.  Located  ia  the  ponding  area  north  of 
the  river,  the  picnic  area  will  have  10  picnic  tables.  The  bicycle 
trail  will  he  3  ntlea  long  and  is  fee  be  on  the  north  levee  of  either  the 
ear-levee  or  tee-levee  plans.  The  per- capita  donanf  far  bicycle  trails 
aad  picnic  areas  ears  derived  fran  the  "State  of  Arisons  Statewide 
Conpenheaoivu  Beers ation  P1W  for  Plaaaiag  Bistrict  3,  which  includes 
■sue jo  County.  Table  1-15  shows  recreational  benefit  calculations. 

The  tint  coot  for  the  bicycle  trail  aad  picnic  ana  ia  $83,088. 
The  annual  coot  of  recreation  far  this  project  ia  $18,000,  and  tbs 
equivalent  asnual  benefits  an  $25,808,  than  providing  a  benefit- to-  coot 
ratio  of  1.8  to  1. 


38.  The  sensitivity  analysis  was  eanfinad  to  fiend  eontnl  aa 
mcmatiea  dent  ant  affect  pnjoct  fenulatice.  the  fiend  control  coats 
for  tun  of  three  alternatives  peasant  ad  an  canonically  justified  nder 
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present  conditions  of  development.  This  is  dmwastrated  in  table  1*1 
where  the  bene  fit-  to~eost  ratio  for  each  alternative  under  present 
conditions  is  given. 

31.  As  a  check  on  the  sensitivity  of  die  net  benefits  to  the 
discount  rate,  thet  rate  at  which  benefits  from  flood  control  would 
equal  costs  for  flood  control  improvements  was  determined  and  ia  above 
in  table  B-l. 

ECONOMIC  SUMMARY 

The  Little  Colorado  River 

32.  The  economic  justification  and  a  comparison  of  die  first 
costs,  the  average  annual  costs  and  benefits,  and  the  benefit/ cost  ratio 
of  each  alternative  for  flood  control  on  the  Little  Colorado  River  at 
Holbrook  are  shown  in  table  E-l. 

33.  The  levee  alternetives  differ  in  benefits  by  an  equivalent 
annual  amount  of  $2,000  because  the  double-levee  plan  induces  damages  to 
the  State  Hitfiway  77  bridge.  The  floodproofing  alternative  is 
considered  to  be  only  seventy  percent  effective  because  of  continuing 
yard  and  vehicle  damages. 

Tributaries  to  the  Little  Colorado  River 

3A.  The  feasibility  of  providing  protection  to  development  in  the 
City  of  Holbrook  from  flooding  by  tributaries  of  the  Little  Colorado 
River  was  studied.  Plows  from  tributaries  originating  north  of  toon  and 
west  of  Navajo  Boulevard  can  cause  what  might  be  characterised  as 
nuisance  flooding.  Except  for  rare  events,  flooding  would  occur  only  on 
streets  and  lawns.  The  50-year  flood  (see  plate  A-3)  could  produce  same 
isolated  flooding  inside  buildings.  A  100  year  event  could  cause 
outside-structure  depths  of  0.5  to  over  2.0  feet.  Plow  velocities  would 
rangs  from  1  to  5  feet  per  second.  Equivalent  annual  damages  from 
tributary  flooding  are  estimated  at  $48,000  (7-1/8  percent  -  100  years). 
Because  current  authority  precludes  Corps  participation  in  solving  urban 
flood  problems  on  streams  with  10-year  discharges  less  than  800  cfa  and 
100-year  discharges  less  than  1,800  cfa,  this  problem  was  not  pursued. 
However,  the  residual  problem  is  displayed  in  the  Systems  of  Accounts 
display  under  "Ponmlatien,  Assessment  and  Evaluation  of  Detailed 
Plans ." 

35.  Each  alternative  prevents  some  dan ages  from  tributary 


35.  Each  alternative  prevents  some  dam 
flooding)  however  the  floodproofing  alternative  pi 
caused  by  the  tributaries. 
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Tabic  B-l. 
(In  thoni 


Nth  of  Ballon.) 

(7-1/W) 


Single  Doable  Flood 
Iona  lava*  proofing 


Firat  coat 
Flood  control 

Contraction,  righto  of  any, 
to  location 

dopplanntal  hoaoing  paynnto 

Total  flood  control 
Kecraaticn 

Total  fint  coot 


Amwal  chargee 
Flood  control 

Amortisation  and  interest* 

Opera ti  on  and  nointonanco 
Total  flood  control 

Kocroation 

Aawrtiaotion  and  interest 
Operation  and  naintonancc 
Total  tocrootioa 

Annal  bnefito  (fa tare  condition  inc laded) 
Flood  control 

Dnogoo  presented  -  main  otn 
Pnagae  pravntod  -  interior  drainage 
laplayant 

Bodaction  in  inarable  looon 
feodnetion  in  onarganey  coot  * 
aoath  aide 
Total  flood  control 

Bocreotion 
Boernationol  no 
Total  recreation 

Total  project  annal  bonofita 

ratio  flood  control  axis ting  condition* 
ratio  flood  control  f store  condition*'1' 
ratio  recreotin 

ratio  total  project  (f stare  condition)* 
benfita  flood  cntrol* 
boooito  tnaroation 
bon  fits  total  ptejoot* 
trnal  rate  of  re  ton,  flood  control 

*  Coot  for  onpplnontol  booting  poynonto  • 


9,158 

9,386 

18,650 

570 

185 

0 

9,728 

9,551 

18,650 

85 

85 

0 

9,811 

9,658 

18,650 

655 

869 

1,819 

88 

89 

0 

897 

718 

1,819 

6 

6 

0 

10 

18 

0 

16 

16 

0 

715 

758 

1,819 

1,572 

1,586 

1,117 

2 

2 

82 

8 

8 

89 

18 

5 

0 

18 

2 

0 

1,598 

1,599 

1,208 

25 

25 

0 

25 

25 

0 

1,625 

1,628 

1,288 

1.8 

1.8 

0.7 

2.5 

2.2 

0.85 

1.6 

1.6 

— 

2.5 

2.2 

0.9 

901 

881 

-211 

9 

9 

8 

918 

898 

-211 

16.81 

15.91 

5.81 

not  incla 

dad  in  the  i 

— 

cborgac  and  hnofit-to-ent  ratio  in 


with  tt  1165-2-117. 
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Table  1-2.  Depth-danage  curves  (is  percentages). 


Land  use 

0 

1 

3 

5 

7 

9 

Single  fauly  residential 

Contents 

0 

5 

58 

80 

100 

100 

Conventional  (structural) 

0 

12 

31 

35 

52 

55 

Nobile  hones  (structural) 

0 

12 

35 

A3 

65 

68 

Cosnercial 

Auto  repair  and  sales 

0 

10 

38 

6A 

65 

65 

Strip 

0 

11 

AO 

5A 

60 

60 

Two- story 

0 

6 

15.5 

17.5 

26 

27 

Motels 

0 

12 

35 

A3 

65 

68 

Restaurants 

0 

10 

38 

6A 

65 

65 

Gas  stations 

0 

6 

15.5 

17.5 

26 

27 

Public 

Office 

0 

11 

AO 

5A 

60 

60 

Schools 

0 

11 

AO 

5A 

60 

60 

Seui public 

Churches 

0 

12 

31 

35 

52 

55 

Industrial 

Warehouses 

0 

10 

38 

6A 

65 

65 

Manuf acturing 

0 

10 

38 

64 

65 

65 

f 

i 


\ 


*4 

i 
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Tabla  8-3.  Unit  daaagas  by  flood  and  proparty  typa  with  affluanea  factors 

(In  thousands  of  dollars) 
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Table  E-6.  Estivated  present  (8ept.  1979)  damages  by  property 
type  in  various  floods  -  Little  Colorado  River 
(In  thousands  of  dollars) 


Land  use 

SPF 

100-Year 

50-Y«ar 

Single-family  residential 

Conventional 

Structures 

4,550 

3,709 

3,426 

Contents 

3,543 

3,149 

2,957 

Mobile  homes 

S  true  tures 

157 

118 

114 

Contents 

115 

96 

88 

Commercial 

Auto  repair  and  sales 

588 

576 

571 

Strip 

3,588 

3,528 

3,438 

Two- story 

103 

99 

97 

Motels 

2,530 

2,227 

2,144 

Restaurants 

700 

630 

599 

Gas  stations 

493 

394 

388 

Public 

Office 

686 

666 

661 

Schools 

7,132 

5,098 

4,913 

Industrial 

Warehouses 

758 

671 

490 

Manufacturing 

76 

71 

38 

Semipublic 

330 

303 

298 

Income  losses  A  emergency  costs 

754 

615 

550 

Roads  and  highways 

564 

100 

80 

Railroads;  bridges  and  tracks 

1,000 

700 

350 

Total 

27,617 

22,079 

21,202 
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Table  1-7.  Estiaated  present  (Sept.  1979)  daaataa  by  property 
type  and  d la char pa  -  interior  drainage. 

(In  thonaanda  of  do 11 are. ) 


Land  uae 

3*000  cfs 

2*000  cfs 

1*000  cfs 

Single  faaily  reaidantial 

Coneentionel 

Structures 

812 

592 

378 

Contents 

360 

181 

66 

Mobile  hoaes 

Structures 

8 

7 

2 

Contents 

1 

1 

0 

Canaercial 

Auto  repair  and  sales 

34 

14 

3 

Strip 

398 

191 

61 

TSo- story 

8 

4 

1 

Motels 

375 

290 

129 

Kestaurants 

52 

40 

11 

Gas  stations 

18 

12 

6 

Public 

Office 

160 

115 

75 

Schools 

250 

180 

72 

Industrial 

Warehouses 

0 

0 

0 

Manufacturing 

0 

0 

0 

Seal public 

89 

72 

55 

Incane  losses  A  MSirgency  cost  81 

55 

30 

Roads  and  highways 

40 

20 

8 

Railroad;  tracks  and  bridges 

6 

1 

0 

Total 

2*692 

1*783 

897 
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Table  E-ll.  Present  lend  use  in  the  Little  Colorado  River 
overflow  area  by  flood  (unita) 


Land  use 

SPF 

100-Tear 

50-Year 

Single-family  residential 

Conventional 

632 

600 

600 

Mobile  hones 

26 

26 

26 

Ccanercial 

Auto  repair  and  sales 

13 

13 

13 

Strip 

75 

75 

75 

Two-story 

4 

4 

4 

Motels 

18 

18 

18 

Restaurants 

12 

11 

11 

Gas  stations 

14 

14 

14 

Public 

Office 

15 

15 

15 

Schools 

11 

10 

10 

Seni public 

Churches 

10 

10 

10 

Industrial 

Warehouses 

10 

10 

10 

Manufacturing 

15 

15 

15 

Table  B-12.  Protest  land  use  in  the  interior  drainage  overflow 
area  by  discharge  (units). 


Land  use 

3,000  cfs 

2,000  cfs 

1,000  cfs 

Single-fanily  residential 

Conventional 

431 

396 

333 

Nobile  hones 

43 

12 

6 

Coaaercial 

Auto  repair  and  sales 

9 

9 

5 

Strip 

66 

66 

38 

Tho- story 

2 

2 

2 

Motels 

19 

19 

12 

Bestaurants 

10 

10 

8 

Gas  stations 

11 

11 

8 

Public 

Office 

9 

9 

9 

Schools 

3 

3 

3 

Sodpublic 

Churches 

12 

12 

12 
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Table  E-13.  Unit  values  in  flood  plain  by  flood  and 
property  type  ~  Little  Colorado  River 
(In  thousanda  of  dollars*) 


Land  use 


Average 
value  of 
structures 


Other  land 
Average  uses  Average 

Average  value  of  value  of 

value  of  contenta  aa  Z  atructures 
contents  of  structures  and  contenta 


STANDARD  PROJECT  FLOOD 


Single-family  residential 

Conventional  15*2  6.3  41. 

Mobile  hones  10.5  4.8  46. 

Commercial 

Auto  repair  and  sales 
Strip 
Two- story 
Motels 
Restaurants 
Gas  stations 
Public 
Office 
Schools 
Semi public 
Churches 
Industrial 
Warehouses 
Manufacturing 


100-YEAR  FLOOD 

Single-family  residential 

Conventional  15.2  6.3  41.0 

Mobile  homes  10.5  4.8  46 

Commercial 

Auto  repair  and  sales 
Strip 
Two- story 
Motels 
Restaurants 
Gas  stations 
Public 
Office 
Schools 
Semi public 
Churches 
Industrial 
Warehouaes 
Manufacturing 


69.5 

80.7 
95.3 

228.1 

89.8 
139.6 

77.1 

1,448.3 

62.0 

131.5 

7.8 


69.5 

80.9 

95.3 

228.1 

58.8 

139.6 

77.1 

813.1 


62.0 


131.5 

7.8 
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Teble  I-W.  Preeent  end  future  vlue  of  property  in  Little  Coloredo  River 

flood  plein  by  lend  uee. 

(In  thoueende  of  dollere. ) 
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Totel  52,608  53,376  54,734  55,955  55,955  55,955  55,955 
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Table  E-15.  Methodology  for  computing  recreational  benefits. 
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Section  F 


HYDROLOGY 


INTRODUCTION 

Scope 


1.  This  section  describes  the  study  made  to  determine  the 
magnitude  of  the  standard  project  and  intermediate  regional  floods  on 
the  Little  Colorado  River  at  Holbrook,  Arizona* 

Previous  Reports 

2.  Hydrology  for  the  Little  Colorado  River  Basin  at  Holbrook  has 
been  published  in  two  reports  by  the  Corps  of  Engineers*  The  earliest 
data  concerned  with  Holbrook  was  presented  in  the  report  titled  "Report 
on  Survey,  Flood  Control,  Little  Colorado  River  and  its  Tributaries 
upstream  from  the  boundary  of  the  Navajo  Indian  Reservation  in  Arizona, M 
dated  December  5,  1940*  Additional  hdyrology  can  be  found  in  the 
"Definite  Project  Report  on  the  Colorado  River  Basin,  Little  Colorado 
River  Levee,  Holbrook,  Arizona,"  dated  August  1946* 

Existing  Water-Related  Structures 

3.  Two  dams— Zion  Dam  and  Lyman  Dam — are  present  on  the  Little 
Colorado  River  upstream  from  Holbrook.  Zion  Dam  was  almost  completed  in 
1905,  but  was  destroyed  by  a  flood  before  it  could  be  finished*  It  was 
rebuilt  in  1908.  The  reservoir  had  a  capacity  of  about  13,000  acre- 
feet,  but  silting  had  reduced  the  capacity  to  760  acre-feet*  Continued 
silting  has  rendered  the  reservoir  unusable*  Lyman  Dam,  about  20  miles 
upstream  from  Zion  Dam,  was  destroyed  in  1915  and  rebuilt  in  1920*  The 
reservoir,  with  its  present  capacity  of  32,200  acre-feet,  controls  a 
drainage  area  of  about  790  square  miles.  Both  Zion  and  Lyman  Dams  have 
very  little  effect  on  flood  peaks  at  Holbrook  because  of  the  large 
drainage  areas  that  contribute  to  the  main  stem  below  them* 

4*  Many  of  the  tributaries  of  the  Little  Colorado  River  contain 
numerous  smaller  dams  (less  than  1,000  acre-feet)  that  are  used  for 
irrigation  or  watersupply. 

5*  The  levee  southeast  and  south  of  Holbrook  was  completed  in 
December  1948*  Since  its  construction  the  river  bed  has  been  aggrading, 
and  is  now  at  a  point  where  a  serious  flood  threat  exists. 

GENERAL  DESCRIPTION  OF  DRAINAGE  AREA 

Physiographic  Characteristics 

6*  The  Little  Colorado  River  and  its  tributaries  have  a  drainage 
area  of  approximately  11,300  square  miles  at  Holbrook,  Arizona, 
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including  1,030  square  ailes  of  closed  basins.  (For  location  and 
boundary  of  the  drainage  basin,  see  pi.  F-l.)  The  river  originates 
south  of  Springerville,  Arizona,  in  the  Hhlte  Mountains,  and  flows 
northward  to  Saint  Johns,  then  in  a  north-western  direction  to  its 
confluence  with  the  Puerco  River  upstream  froa  Holbrook.  The  river  and 
its  tributaries  generally  are  interaittent  and  flow  only  after 

precipitation  within  their  drainage  basins.  The  only  perennial  water 
contributing  to  the  drainage  systea  coaes  froa  springs  issuing  froa  lava 
beds  in  Coyote  Creek.  In  contrast,  a  few  areas  of  interior  drainage 
occur  in  the  lava  capped  plateaus  of  the  easteruaost  portion  of  the 
basin.  The  largest  area  surrounds  the  region  near  Queaado,  Hew  Mexico, 
and  is  approxiaately  830  square  ailes  in  extent;  another  large  area  is 
around  the  town  of  R1  Moro,  Hew  Mexico,  and  is  about  200  square  ailes  in 
extent.  Many  nailer  areas  occur  in  isolated  localities,  but  their  size 
is  insignificant  when  con  pared  with  the  two  largest  areas. 

7.  Elevations  within  the  drainage  area  range  froa  11,300  feet 

above  aean  sea  level  at  Mount  Baldy,  southwest  of  Springerville, 
Arizona,  to  just  under  3,100  feet  st  Holbrook.  The  Little  Colorado 
River  has  a  total  length  of  approxiaately  320  ailes,  of  which  120  ailes 
are  upstreaa  froa  Holbrook.  Ibe  streaabed  slope,  which  averages  26  feet 
per  aile,  varies  froa  a  aaxiava  of  over  270  feet  per  aile  near  the 

headwaters  to  a  ainiaua  of  3  feet  per  aile  near  Holbrook. 

8.  The  region  coaprising  the  drainage  basin  of  the  Little  Colorado 
River  upstreaa  froa  Holbrook  includes  part  of  the  Colorado  Plateau's 
physiographic  province.  This  portion  of  the  province  is  characterised 
by  the  nearly  horizontal  rock  f oxaations,  the  high  altitude  of  the  land, 
and  broad  valleys  with  extensive  flat,  aesa-like  highlands.  The 
southern  boundary,  known  as  the  Mo go 11 on  Rin,  is  characterised  by  lava- 
capped  assas,  cinder  cones ,  and  high  volcanic  peaks,  soils  of  the 
drainage  area  are  cloaely  related  to  the  geology  and  topography.  On  the 
hi 0i  volcanic  aouatains  and  lava  plateaus  are  covers  of  heavy,  tight 
aoils,  that  are  fertile,  but  thin.  The  transition  froa  the  lava  fields 
sad  aountainous  areas  to  the  lower  elevation  desert-like  region  around 
Holbrook  is  aarked  by  a  transition  in  the  soils.  In  the  higher 
portions,  below  the  peaks,  gravelly,  sandy  soils  predoainate,  changing 
to  sandy  loaas,  loans,  and  then  clays  near  the  flood  plains. 

9.  Vegetal  cover  of  the  drainage  basin  ranges  froa  alaost  barren 
desert  to  aouataia  forest.  In  the  highest  portions  of  the  aountains 
grow  stands  of  fir  and  pine;  these  gradually  change  to  pinion  and 
juniper  at  lower  elevations.  The  lower  open  areas  are  predominantly 
sagebrush  and  grasses  with  a  few  places  essentially  barren  of  any 
vegetation.  The  channels  support  large  stands  of  salt  cedar,  annual 
grasses,  and  shrubs. 

Climatology 

10.  The  predominant  factor  governing  the  climate  of  the  Little 
Colorado  River  drainage  basin  is  topography.  The  average  temperature 
normally  docraaaaa  with  elevation,  hhile  precipitation  generally 
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increases  with  elevation.  The  relative  tumidities  in  the  basin  are 
generally  quite  low,  with  ease  very  low  values  occurring  during  the  vans 
afternoons  of  late  spring  and  early  turner.  The  percentage  of  total 
possible  sunshine  is  very  high,  especially  in  the  valley  areas. 

Temperature 

11.  The  Little  Colorado  River  drainage  basin  is  generally  quite 
vans  in  sutmer  and  relatively  mild  in  winter  for  this  latitude, 
elevation,  and  type  of  terrain.  The  monthly  and  annual  means,  plus 
recorded  extremes  of  temperature  for  two  selected  stations  in  the  basin, 
are  included  in  table  F-l.  The  normal  diurnal  temperature  variations 
are  quite  large  (25-40°F)  over  most  of  the  basin  throughout  the  year, 
although  these  diurnal  variations,  as  well  as  the  average  temperatures, 
are  somewhat  lower  over  the  higher  mountain  ridges.  The  highest  maximum 
temperatures  in  the  basin — approximately  110°F —  are  found  in  the  lowest 
valleys,  usually  in  areas  of  limited  vegetation.  The  lowest  minimum 
temperatures — approximately  -35°F — normally  occur  in  sheltered  snow- 
covered  valleys  at  high  elevations. 

Wind 


12.  Prevailing  winds  are  normally  light  through  most  of  the  year, 
reaching  monthly  averages  of  around  10  knots  during  the  late  spring.  The 
predominant  directions  are  from  the  southwest  in  spring  and  smmer,  and 
from  the  east  or  southeast  during  fall  and  winter. 

Precipitation 

13.  Most  of  the  Little  Colorado  River  drainage  basin  is  arid  to 
semi arid,  although  some  of  the  higher  mountains  along  the  southern  edge 
of  the  basin  receive  substantial  precipitation.  The  isohyets  of  normal 
annual  precipitation  (pi.  F-2)  range  from  less  than  8  inches  near 
Holbrook  to  more  than  40  inches  at  the  top  of  11,390-foot  Baldy  Peak  in 
the  southern  part  of  the  drainage  area. 

14.  The  primary  rainy  season  in  this  region  is  summer,  although 
there  is  a  strong  secondary  season  during  the  winter  months.  The 
seasonal  distribution  of  precipitation  varies  with  longitude  and 
elevation,  with  a  decided  increase  in  the  comparative  importance  of 
winter  precipitation  toward  the  vest  and  with  increasing  elevation.  Late 
spring  is  the  driest  time  of  the  year  throughout  the  basin,  with  only  5 
to  10  percent  of  the  year's  total  precipitation  normally  falling  during 
the  months  of  May  and  June  combined.  There  is  normally  quite  a  sudden 
onset  of  the  summer  rainy  season  around  the  end  of  June;  and  at  a  number 
of  stations  June  is  the  year's  driest  month,  and  July  the  wettest.  The 
sunmer  rain  regime  normally  lasts  into  September,  then  gradually  dies 
out  as  it  gives  way  to  winter-type  rain,  which  is  normally  heaviest  from 
December  through  March.  A  large  percentage  of  the  winter  precipitation 
falls  as  snow,  especially  over  the  higher  elevations. 
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15.  The  mmomI  distribution  of  precipitation  at  two  stations  in 
the  Little  Colorado  Kiser  drainage  basin  above  Vinslov,  along  with  the 
■axiaiss  Monthly  and  annual  precipitation  of  record,  can  be  found  in 
table  r-1. 


Table  F-l.  Seasonal  dlatribution  at  aelected  atationa 


Temperature  (°F) 

Precipitation 

(in. ) 

(Period  of 

record  1886-1973)* 

(Period 

of  record 

1886-1973)* 

Mean 

Record 

Record 

Mean 

Record 

Record 

Month 

monthly 

highest 

lowest 

monthly 

highest 

lowest 

a* 

Sunmary  of  climatological 

data  at  Holbrook,  Arizona,  No.  4089$ 

latitude  34°54* 

N,  longitude  110°10'V, 

elevation* 

5,080  feet. 

January 

32.8 

73 

-20 

0.52 

2.46 

0.00 

February 

39.2 

81 

-19 

0.55 

2.98 

0.00 

March 

45.6 

89 

6 

0.52 

2.93 

0.00 

April 

53.4 

92 

10 

0.47 

1.84 

0.00 

May 

61.2 

101 

13 

0.29 

2.24 

0.00 

June 

70.4 

106 

31 

0.37 

3.40 

0.00 

July 

76.7 

106 

42 

1.43 

7.09 

0.00 

August 

75.0 

109 

36 

1.49 

4.70 

0.20 

September 

67.9 

106 

18 

0.96 

3.66 

0.00 

October 

55.8 

95 

15 

0.67 

3.44 

0.00 

November 

43.2 

89 

-10 

0.54 

3.82 

0.00 

December 

34.0 

74 

-20 

0.57 

2.32 

0.00 

Annual 

34.0 

109 

-20 

8.38 

17.63 

2.60 

b. 

Sumaary  of  climatological 

data  at  Zuni,  FAA  AP. 

N.M.,  Mo. 

9897; 

latitude  35°06 

'N,  longitude  108°47'W, 

elevation 

6,440  feet 

e 

(Period  of 

record  1908' 

-1973)* 

(Period 

of  record 

1908-1973)* 

January 

29.9 

67 

-26 

0.85 

3.40 

0.05 

February 

34.7 

72 

-20 

0.77 

2.36 

0.02 

March 

40.4 

78 

-10 

0.85 

3.01 

T 

April 

47.9 

87 

10 

0.63 

2.15 

T 

May 

56.2 

92 

20 

0.49 

2.18 

0 

June 

65.4 

100 

30 

0.54 

2.90 

0 

July 

71.1 

101 

40 

2.00 

6.25 

0.35 

August 

69.2 

97 

38 

1.88 

5.53 

0.02 

September 

62.9 

95 

26 

1.33 

3.64 

0 

October 

52.1 

85 

11 

1.32 

6.65 

0 

November 

39.7 

78 

-23 

0.71 

2.97 

0 

December 

31.5 

70 

-21 

0.88 

2.72 

0.01 

Annual 

50.1 

101 

-26 

12.25 

19.53 

4.41 

^Obtained 

from  U.Se  Department  of 

Commerce,  National  Oceanic  and 

Atmospheric 

Administration,  clinatological  data  publications. 
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16.  There  are  three  besic  types  of  storms  that  effect  the  Little 
Coloredo  liver  Bssin  end  surrounding  erees:  generel  winter ,  general 
sinner,  end  locel. 

e.  Generel  winter  storms  originete  over  the  Pecific  Ocean  end  wove 
ini end  ecross  the  western  United  Stetes,  spreeding  generel  reinfell  of 
ligit  to  aoderete  intensity  over  lerge  erees,  often  with  snow  at  the 
higher  elevations.  These  stonss,  which  effect  the  southwestern  United 
States  aainly  from  late  October  through  April,  reflect  orographic 
influences  to  a  greet  degree. 

b.  General  sunser  stoms  result  from  e  flow  of  moist  tropical  air 
into  the  region  frem  the  southeast  or  south,  and  ere  quite  often 
associated  with  tropical  storms  or  hurricanes.  These  generel  simmer 
storms,  which  can  occur  from  late  June  through  early  October,  usually 
consist  of  numerous  local  heavy  storms  superimposed  upon  same  lighter 
and  more  widespread  general  rain.  Scse  of  the  late  September  and 
October  general  storms  can  show  characteristics  of  both  the  siamier  and 
winter  types. 

c.  Local  storms — usually  thunderstorms — are  normally  of  limited 
duration  and  areal  extent,  but  mey  contain  rainfall  intensities  of 
several  inches  per  hour.  Although  these  storms  can  occur  at  virtually 
any  time  of  the  year,  the  majority  of  these  storms,  and  the  storms  with 
the  greatest  potential  for  cloudburst  intensities,  occur  during  the 
summer  and  early  fall  months. 

17.  The  effects  of  orography  upon  general  simmer  storms  and 
especially  local  susmer  storms  are  significantly  less  than  upon  winter 
storms,  and  this  results  in  the  larger  comperative  importance  of  winter 
precipitation  at  the  higher  elevations,  as  discussed  previously  in  this 
section. 

Runoff  Characteristics 


18.  Because  climatic  and  drainage  area  characteristics  ere  not 
conducive  to  continuous  runoff,  little  streamflow  occurs  except  during 
and  imediately  following  intense  rainfall,  and  during  period  of 
snosmelt.  The  streasrflow,  when  it  occurs  from  rainfall,  is  of  the 
flesh-flood  type  where  a  dry  wash  may  become  a  torrent  in  a  matter  of 
m notes.  Typically  these  flows  have  sharp  peaks  and  are  of  short 
duration. 

PRSCIPITATIOW  AMD  RUWOFF 
Precipitation  Records 


19.  A  list  of  IS  active  precipitation  stations  in  and  near  the 
Little  Colorado  River  drainage  basin  above  Winslow,  along  with  the 
latitude,  longitudes,  and  elevations  of  these  stations,  can  *>e  found  in 


* 


cable  F-2.  Moat  of  the  stationa  liated  in  chia  table  are  equipped  with 
a  regulation  8-inch  atandard  rain  gage.  Four  of  theae  atationa  have 
both  an  8-inch  atandard  and  a  recording  rain  gage.  A1  though  the 
precipitation  atationa  liated  in  thia  table  have  been  in  operation  for 
■ore  than  30  yeara,  and  aeveral  date  back  to  around  1890,  or  even 
earlier.  Several  of  the  regular  recording  rain  gagea  were  put  in 
operation  in  1940,  and  soae  very  liaited  recording  data  are  available 
for  earlier  yeara.  Both  the  maaber  and  the  reliability  of  precipitation 
record* — recording  and  nonrecording — have  increaaed  over  the  yeara. 
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Station 

AUZOM: 
Alpine 
Canada 
Holbrook 
Kean*  Canyon 
M diary 
Petrified 
Forest  HP 
Sanders 
Stow  Low 
Snowflake 
Springerville 
Winslow 
WSO  AP 

HEW  MBZ100 
Gallup 
Grants 
airport 
Qtnado 
ranger  sta 
Zuni  4  HE 


Table  F-2.  Selected  precipitation  stations. 


lades 

Type 

Elevation 

Latitude 

Longitude 

Length  of 
precipitation 
record 

0959 

HR 

8050' 

33°51 ' 

109°08' 

47  yrs 

3503 

m 

6340' 

35°43* 

109°34‘ 

43  yrs 

4089 

m 

5080' 

34°54' 

110°10* 

79  yrs 

4586 

HR&HR 

6205' 

35°49 ' 

110°12 ' 

37  yrs 

5412 

HR 

7320* 

34°04' 

109°51 ' 

37  yrs 

6468 

HR6R 

5252' 

34°48* 

109° 54' 

44  yrs 

7488 

M 

5836' 

75°13' 

109° 20' 

10  yrs 

7855 

HR 

6400' 

34°15' 

110°02' 

10  yrs 

8012 

HR 

5642' 

34°30' 

110°05' 

6S  yrs 

8162 

* 

7060' 

34°08' 

109°17' 

60  yrs 

9439 

■L6R 

4895' 

35°01 ' 

110°44' 

63  yrs 

3420 

HR 

6600' 

35°32 ' 

108°39 ' 

26  yrs 

3682 

HR 

6520' 

35°10' 

107°54 ' 

21  yrs 

7180 

HR 

6879' 

34°21 ' 

108°30 ' 

37  yrs 

9897 

HR6R 

6450' 

35°06' 

108°  06' 

61  yrs 

R  •  Recording 
Mt  »  Non recording 


Runoff  Record* 


20.  Runoff  records  ere  available  for  8  U.S.  Geological  Survey 
recording  streas^gaging  stations  within  the  vicinity  of  Holbrook.  Six 
of  the  stations  are  on  the  Little  Colorado  River  and  the  other  two  on 
■ajor  tributaries,  the  Puerco  River  and  Silver  Creek.  Three  of  the 
gages  on  the  Little  Colorado  River  are  downstreaw  from  Holbrook,  and  two 
of  these  are  so  far  distant  that  they  are  not  very  representative  of 
flows  f row  the  study  area.  The  third  gage  (located  5  miles  west  of 
Holbrook)  was  established  in  July  1973  and  its  record  is  too  short  for  a 
frequency  analysis  but  can  be  used  as  a  guide  in  estiswting  peak  flows 
that  have  occurred  at  Holbrook.  The  Holbrook  gage  was  discontinued  in 
1974  because  its  control  section  is  unstable.  The  location  of  all  the 
gages  is  shown  on  plate  P-1  and  pertinent  data  for  each  gage  is  listed 
in  table  F-3.  The  recorded  peak  flows  for  the  Little  Colorado  River  at 
Holbrook  is  listed  in  table  F-4.  Plate  F-3  shows  a  graphic 
representation  of  the  length  of  record. 


Table  F-3.  Stre an- gaging  atationa 


Gaga  noaber 

(U.S.C.8  ao.) 

Location 

Drainage 

area 

(Sq.  ailea) 

Period  of 
lecord 
(Ho.  of  yra) 

Peak 

die charge 
(cfs) 

09*02000 

Littla  Colorado  liner 
near  Caaeron,  AZ 

26,500  (Apx) 

28 

24,900 

09401000 

Little  Colorado  liner 
at  Grand  Falla,  AZ 

21,200  (Apx) 

35 

50,500 

09397300 

Little  Colorado  liner 
a ear  Joeeph  City,  AZ 

12,200  (Apx) 

3 

20,600 

09397000 

Little  Colorado  liner 
at  Holbrook,  AZ 

11,300  (Apx) 

24 

24,200 

09395500 

Puerco  liner 

at  Gallup,  New  Mexico 

558 

24 

12,000 

09394500 

Little  Colorado  liner 
at  Woodruff,  AZ 

8,100  (Apx) 

46 

25,000 

09393500 

Silner  Creek  near 
Snowflake,  AZ 

886 

23 

10,100 

09388000 

Little  Colorado  liner 
near  Hunt,  AZ 

6,280  (Apx) 

38 

8,000 

09386500 

Little  Colorado  liner 
a bone  Zuni  liver 

3,680  (Apx) 

33 

1,100 

09384000 

Little  Colorado  liner 
above  Lyaan  leaervoir 

747 

34 

16,000 

Table  F-4.  Annual  peak  flova,  Little  Colorado  River 
at  Holbrook,  No.  093970000 


Water  year 

Date 

Peek 

1950 

July  19,  1950 

2,960 

1951 

August  28,  1951 

8,700 

1952 

January  19,  1952 

8,400 

1953 

July  29,  1953 

6,030 

1954 

July  22,  1954 

10,800 

1955 

August  17,  1955 

10,500 

1956 

June  30,  1956 

4,210 

1957 

August  5,  1957 

21,800 

1958 

September  14,  1958 

7,000 

1959 

August  5,  1959 

6,300 

1960 

October  29,  1960 

11,400 

1961 

August  16,  1961 

4,160 

1962 

October  31,  1962 

4,010 

1963 

August  31,  1963 

9,370 

1964 

September  9,  1964 

15,100 

1965 

July  25,  1965 

14,800 

1966 

August  13,  1966 

10,400 

1967 

August  12,  1967 

14,100 

1968 

August  12,  1968 

21,000 

1969 

October  4,  1968 

24,200 

1970 

September  5,  1970 

19,700 

1971 

Augupt  12,  1971 

13,200 

1972 

October  1,  1971 

20,300 

1973 

October  20,  1972 

15,000 

1974* 

July  22,  1974 

3,880 

1975 

October  29,  1974 

20,600 

1976 

July  30,  1976 

3,880 

1977 

August  18,  1977 

12,000 

1978 

March  1,  1978 

5,200 

1979 

December  19,  1978 

25,000 

*Note:  Data  from  gage  09397000  discontinued  in  1974.  Data  for  1974 
through  1979  for  the  Little  Colorado  River  at  Joaeph  City,  U.S.G.8  Gage 
No.  09397300. 
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Stoma  and  Flood*  of  Record 


21*  The  larger  flood?  on  the  min  river  and  the  major  tributariea 
reault  moatly  from  general  storms,  usually  general  winter  storms. 
Floods  on  the  smaller  tributaries  or  near  the  headwaters  of  the  larger 
streams  are  caused  mostly  by  local  storms,  usually  during  the  suamer 
•o**ont  and  are  often  of  the  flash  flood  variety.  Because  of  the  size 
of  the  overall  drainage  basin  and  the  large  nmber  of  small  tributary 
streams,  the  occurrence  of  a  local  flash  flood  somewhere  in  the  basin  is 
not  an  uncomon  event  during  the  sunmer  season. 

Historical  Storms  and  Floods 

22.  Quantitative  measurements  of  early  floods  on  the  Little 

Colorado  River  (prior  to  1950)  are  meager,  but  sketchy  accounts  of 
several  of  the  larger  events  are  available  from  the  U.S.  Geological 
Survey,  the  U.S.  Weather  Bureau,  the  U.S.  Bureau  of  Reclamation,  and 
local  interests,  including  newspaper  files*  Regular  streamflow 
measurements  on  the  Little  Colorado  River  have  been  made  by  the  U.S. 
Geological  Survey  in  recent  years.  Flood  hydrographs  from  past  recorded 
events  are  shown  oil  plates  F-4,  F-5,  F-6,  F-7,  and  F-8.  The  flood  event 
of  August  10-12,  1968,  as  recorded  by  the  Holbrook  and  Woodruff  gages  is 
shown  on  plate  F-4.  The  flood  hydrographs  for  the  flood  of  October  3-5, 
1968,  as  recorded  by  the  gages  at  Holbrook,  Hunt,  and  Woodruff,  are 
shown  on  plate  F-6.  The  flood  event  of  September  30  to  October  2,  1971, 
as  recorded  by  Holbrook,  Hunt,  and  Woodruff  gages,  is  shown  on  plate 
F-7.  The  Hunt  gage  was  discontinued  in  Septemer  1972;  hence  plate  F-8 
shows  only  the  Holbrook  and  Woodruff  gage  flood  hydrographs  for  the 

October  20,  1972,  event.  A  listing  of  annual  peak  floodflows  on  the 
Little  Colorado  River  at  Holbrook  is  shown  in  table  F-4. 

23.  The  greatest  flood  peak  for  which  data  is  available  on  the 
Little  Colorado  River  at  Holbrook  was  estimated  to  be  60,000  cfs  in 
September  1923. 

24.  All  the  historical  atoms  and  floods  that  have  occurred  in  the 

Little  Colorado  River  Basin  are  discussed  in  the  following  paragraphs, 

including  some  tmusually  heavy  stoma  that  have  occurred  outside  the 

basin,  but  are  significant  to  a  hydrologic  investigation  of  the  Little 
Colorado  River  because  of  the  possibility  of  occurrence  of  similar 

storms  over  the  basin. 

a.  FLOODS  PRIOR  TO  1900.  Very  little  is  known  about  the  floods  in 
this  region  prior  to  1900.  There  are  accounts  of  major  floods  that 
occurred  on  the  Gila  River  system  and  other  Arizona  watersheds  in  1833, 
1862,  1869,  1880,  1884,  and  1891.  The  atom  of  February  1891  covered  a 
very  large  portion  of  the  southwestern  United  States,  and  the  resulting 
flood  on  the  lower  Gils  River  was  especially  destructive. 

b.  STORM  AND  FLOOD  OF  NOVEMBER  25-28,  1905.  The  year  1905  was 
very  wet  over  the  southweste** :  United  States  (the  wettest  that  has  ever 
been  recorded  at  Holbrook  and  several  other  stations),  and  a  number  of 


significant  floods  occurred  during  the  first  several  months  of  the  year. 
The  floods  of  late  November  1905,  however,  were  in  general  the  most 
severe  since  at  least  1891.  A  protracted  period  of  light  precipitation 
during  the  early  part  of  the  month  and  a  fairly  heavy  stotm  from 
November  21  to  23  added  considerable  moisture  to  the  soil  and  provided  a 
moderate  snow  cover.  This  was  followed  by  the  major  storm  that  moved  in 
from  the  northwest  on  the  25th  and  26th  and  intensified  over  the  region* 
Precipitation  intensities  were  apparently  high,  although  quantitative 
measurements  of  short  duration  amounts  are  not  available.  This  heavy 
rainfall,  combined  with  the  low  loss  rates  resulting  from  the  antecedent 
moisture,  plus  the  melting  of  a  considerable  portion  of  the  snow  on  the 
ground,  caused  very  severe  floods  on  the  Little  Colorado  River  and  other 
streams . 


c.  STORM  AND  FLOOD  OF  DECEMBER  13-17,  1908.  This  was  a  general 
winter  atom  with  widespread  precipitation  over  northeastern  Arizona. 
Flooding  was  quite  severe;  notably  on  the  Little  Colorado  River  at 
Holbrook. 


d.  STORM  OF  OCTOBER  5-6,  1911.  A  tropical  storm  from  the  west 
coast  of  Mexico  and  a  cold  front  from  the  Pacific  combined  over 
northwestern  Arizona  to  furnish  precipitation  over  the  Little  Colorado 
River  Basin.  Heaviest  rain  was  centered  in  southwest  Colorado. 

e.  STORMS  AND  FLOODS  OF  JANUARY  1916.  Throughout  January  1916  an 
extraordinary  series  of  intense  Pacific  winter  storms  moved 
southeastward  across  the  southwestern  United  States,  with  a  number  of 
storm  centers  passing  directly  over  central  Arizona.  The  two  most 
significant  storm  periods  were  January  15-21,  and  January  25-30,  with 
the  former  period  generally  accounting  for  the  heavier  precipitation 
amounts  in  Arizona  and  western  New  Mexico.  Flooding  during  the  month 
was  widespread  and  severe  on  nearly  every  major  river  and  stream  in  the 
southwestern  United  States.  Conditions  conducive  to  flooding  had  begun 
in  December  1915,  when  a  series  of  storms  deposited  a  heavy  snow  cover 
over  the  mountains  of  Arizona  and  New  Mexico.  After  some  warming  in 
early  January  1916,  seme  light  general  rain  between  the  10th  and  the 
12th  added  to  the  moisture  content  of  the  snow  and  the  soil.  Thus  the 
snowpack  was  ripe  and  the  infiltration  rates  were  low  as  the  mid-January 
series  of  warm  rain  storms  began.  Total  rainfall  between  January  15  and 
71,  1916,  ranged  from  just  over  1  inch  in  the  region  north  of  Winslow  to 
as  much  as  5.5  inches  in  the  higher  mountains  along  the  southern  edge  of 
the  drainage  basin  (and  up  to  9.1  inches  in  the  mountains  just  northeast 
of  Phoenix).  Maximum  recorded  daily  amounts  of  rain  in  the  little 
Colorado  River  Basin  ran  as  high  as  1.70  inches.  The  floods  that 
resulted  from  these  storms  were  among  the  most  severe  on  record,  and  in 
several  instances  were  the  greatest  to  date  since  1891.  No  quantitative 
measurements  of  flood  peaks  were  available  on  the  Little  Colorado  liver, 
but  accounts  indicate  that  the  entire  basin  experienced  severe  flooding. 

f.  STORM  AND  FLOOD  OF  SEPTEMBER  13-18,  1923.  The  storm  period  of 
mid-September  1923  consisted  of  a  series  of  individual  storms  that 
dropped  rapidly  southward  from  out  of  Canada  and  intensified  over  the 
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far  southwestern  United  States.  Although  there  was  undoubtedly  a 
considerable  amount  of  tropical  moisture  in  these  stonu,  their  general 
appearance  sseas  to  have  been  aore  characteristic  of  general  winter 
st eras  than  of  general  suaner  storas.  The  heaviest  precipitation  fell 
generally  on  Septeaber  17  and  18,  with  large  24-hour  maxima  occurring 
siaultaneously  over  the  entire  Little  Colorado  River  drainage  basin. 
This  helped  to  contribute  to  an  estiaated  peak  flood  of  60,000  cfs  on 
the  Little  Col  credo  River  at  Holbrook  and  120,000  cfs  at  Grand  Falls 
(scan  distance  downetrean  froa  Winslow) — the  greatest  known  values  in 
the  river's  history  at  these  respective  locations. 

g.  STORMS  AND  FLOODS,  1924-1941.  There  were  a  nuaber  of  notable 
flood-producing  storas  that  hit  central  and  northeastern  Arizona  during 
this  period,  especially  in  1929,  1937,  1938,  1940,  and  1941.  Various 
tributaries  to  the  Little  Colorado  River,  the  Gila  River,  and  others 
experienced  significant  flooding  froa  one  or  aore  of  these  events. 
However,  the  floods  on  the  Little  Colorado  River  at  and  above  Holbrook 
were  generally  of  lower  aagnitude  than  those  of  other  historical 
periods. 

h.  STORM  OR  OCTOBER  27-29,  1946.  A  Pacific  itom  deepened  over 
the  Great  Basin  region  and  developed  very  heavy  precipitation  over 
southwest  Utah  and  Western  Nevada. 

i.  STORM  AMD  FLOODING  OR  AUGUST  23-26,  1951.  A  Pacific  tropical 
storm  and  a  hurricane  froa  the  Gulf  of  Mexico  combined  and  moved 
northeastward  into  the  Colorado  River  Valley.  Rainfall  was  heaviest  in 
the  mountains  of  central  Arizona,  with  aore  than  13.5  inches  reported  at 
Crown  King,  and  nearly  9  inches  along  the  Mogollon  Ria.  Flooding 
occurred  on  a  maiber  of  tributaries  to  the  Salt  and  Gila  Rivers. 

j.  STORM  OR  AUGUST  19,  1954.  The  intense  thunderstorm  that 

occurred  over  the  Queen  Creek  drainage  area  of  central  Arizona  was  the 
aost  severe  for  the  region  and  perhaps  the  largest  and  heaviest  local 
stoxa  with  reasonably  good  doc  (Mentation  in  the  history  of  the  State. 
Amounts  of  up  to  5.3  inches  were  reported,  with  one  station  measuring 
4.05  inches  in  less  than  2  hours. 

k.  STORM  AMD  FLOOD  OR  AUGUST  9-12,  1968.  Showers  and 

thunderstorms  prevailed  throughout  northeastern  Arizona  during  the  first 
half  of  August  1958,  as  a  moist  flow  of  tropical  air  froa  the  south 
continued  to  invade  the  region.  This  was  climaxed  between  August  9  and 
12,  as  the  aoist  flow  increased  and  picked  up  sane  outflow  from  two 
distant  tropical  storas.  Precipitation  over  the  Little  Colorado  River 
Basin  during  the  period  ranged  froa  around  one-third  of  an  inch  in  the 
central  and  northern  portions  of  the  basin  to  around  2  indies  in  the 
higher  mountains  footing  the  southern  boundary  of  the  drainage.  The 
peak  flaw  on  the  Little  Colorado  River  at  Holbrook  was  21,000  cfs  on  12 
August. 

l.  STORM  AMD  FLOOD  OR  OCTOBER  3-5,  1968.  An  upper-level  low- 
pressure  center  off  the  southern  California  coast  punned  large 
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quantities  of  tropical  moisture  into  Arisona  during  the  first  few  days 
of  October  1968.  On  October  2  Hurricane  Pauline  crossed  the  Baja 
California  peninsula  and  the  Gulf  of  California,  dissipating  over 
Sonora,  Mexico.  The  remnants  of  this  tropical  cyclone  were  picked  up  by 
the  circulation  around  this  upper  level  low  and  directed  into  eastern 
Arisona.  This  resulted  in  maserous  showers  and  thunderstoras  over  the 
Little  Colorado  river  drainage  basin  from  aidday  on  October  3  into  the 
aoming  of  October  4.  Precipitation  aaounta  were  irregular,  with  total 
atom  depths  varying  froa  0.18  at  Springerville  to  2.27  inches  at 
Lakeside  Ranger  Station,  about  40  ailes  away.  Most  stations  within  the 
basin  reported  0.50  to  1.50  inches.  The  peak  flow  on  the  Little 
Colorado  River  at  Holbrook  was  24,200  cfs  on  October  4. 

a.  STORM  AMD  FLOODS  OF  SEPTEMBER  3-7,  1970.  As  aoisture  streaming 
northward  froa  Tropical  Stora  Noraa  and  the  vara  ocean  area  off  Baja 
California  spread  across  Arisona,  an  intensifying  lower  pressure  systea 
with  a  strong  cold  front  aoved  into  the  region  froa  the  northwest  and 
collided  with  this  tropical  anisture,  setting  off  extreaely  heavy  rains 
in  central  Arisona,  especially  in  the  mountain  areas  where  orographic 
lifting  of  strong  southernly  winds  considerably  enhanced  the 
precipitation  rates.  Nunerous  rainfall  stations  recorded  5  to  8  indies 
within  24  hours;  and  Workman  Creek,  located  in  the  mountains  about  60 
miles  northeast  of  Phoenix,  measured  11.4  inches  in  24  hours  for  a  new 
all-time  State  of  Arisona  record.  Flooding  was  widespread,  especially 
on  creeks  and  streams  draining  southward  from  the  central  Arisona 
mountains.  Rainfall  over  the  Little  Colorado  River  Basin  was  only 
moderate  in  this  storm,  except  for  one  isolated  report  of  6.50  inches  on 
September  6  at  the  Seba  Dalkai  School  northwest  of  Holbrook—undoubtedly 
caused  by  a  local  thunderstorm.  A  peak  discharge  of  19,700  cfs  was 
recorded  on  September  6  at  the  Holbrook  gage  on  the  Little  Colorado 
River. 


n.  STORM  AND  FLOOD  OF  SEPTEMBER  29-OCTOBER  2,  1971.  A  deep  upper 
level  low  dropping  southeastward  froa  the  Pacific  Northwest  triggered 
widespread  shower  activity  over  northeast  Arisona  on  September  29  and 
30,  1971.  Moisture  was  augnented  by  outflow  from  Tropical  Stora  Olivia 
moving  northeastward  across  central  Baja  California.  On  October  1,  a 
cold  front  and  the  upper  level  low  passed  across  the  region,  followed  by 
cooler  and  drier  air.  Precipitation  over  the  Little  Colorado  River 
basin  during  this  3-day  storm  period  was  generally  1  to  2  inchas,  but 
amounts  up  to  4  inches  fell  in  the  mountains  to  the  south.  The  peak 
flow  on  the  Little  Colorado  River  at  Holbrook  was  20,300  cfa  on  October 
1. 


o.  STORM  AND  FLOOD  OF  OCTOBER  16-20,  1972.  A  deep  upper  level 
cold  low  developed  off  the  coast  of  California  during  mid-H>ctober  and 
pumped  large  quantities  of  tropical  moisture  into  Arisona  and  New  Mexico 
from  October  16  to  20,  causing  widespread  moderate  to  heavy  shower 
activity  throughout  the  region.  Precipitation  over  the  Little  Colorado 
River  Basin  generally  ranged  froa  2  to  3  inches  through  the  storm 
period,  but  a  few  Mounts  of  greater  Chan  5  inches  were  recorded  in  some 
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■ountain  areas  in  the  extreme  southern  part  of  the  drainage.  The  peak 
flow  on  the  Little  Colorado  River  at  Holbrook  was  15,000  cfs  on  October 
20. 

p.  Flood  of  9  September  1975.  The  peak  discharge  of  the 
9  September  1975  flood  at  Joseph  City  was  20,600  cfs.  The  peak  flow  at 
Holbrook  was  probably  approximately  the  same.  No  damage  resulted  in  the 
Little  Colorado  River  Basin  from  this  flood. 

q.  STORM  AND  FLOOD  OF  16-20  DECEMBER  1978.  Widespread,  heavy  rain 
during  the  period  frost  December  16-20,  1978  resulted  in  extensive  and 
record-breaking  floods  throughout  much  of  Arisona.  The  heavy 
precipitation  that  caused  the  flooding  resulted  frost  a  large  amplitude 
trough  over  the  eastern  Pacific,  advecting  tropical  moisture  over  the 
southwestern  0.S.  as  it  lingered  over  the  eastern  Pacific  from  December 
16  through  December  20.  Except  for  the  extreme  northern  and  weatern 
parta  of  the  state,  rainfall  amount  a  generally  were  in  excesa  of  2 
inches,  with  higher  elevations  receiving  4-6  inches  or  more  in  the 
Little  Colorado  River  Basin,  frosen  ground  contributed  significantly  to 
runoff.  Floodwaters  moving  down  the  Little  Coloraado  River  from  Show 
Low,  Snowflake  and  Taylor  did  not  cauae  any  damage  in  Holbrook,  although 
the  river  crested  approximately  one  foot  below  the  girders  of  the  U.S. 
180  bridge.  The  estimated  peak  discharge  at  Holbrook  was  about  25,000 
efa  occurring  on  19  December. 

SYNTHESIS  Or  STANDARD  PROJECT  FLOOD 

General 

25.  The  standard  project  flood  for  the  Little  Colorado  River  at 
Holbrook  was  developed  according  to  criteria  given  in  EK  1110-2-1411, 
Standard  Project  Flood  Deteiminatione. 

Determination  of  Standard  Project  Storm 

26.  The  standard  project  storm  for  the  study  area  was  determined 
by  evaluating  several  stoma  that  occurred  near  and  in  the  drainage 
basin. 

Standard  Project  Storm 

27.  The  general  timer  atom  of  September  4-6,  1970  (pi.  F-9),  was 

determined  to  be  the  critical  standard  project  atom  far  the  Little 
Colorado  River  Basin  above  Holbrook.  The  "Labor  Day"  atom,  which 
centered  in  the  mountains  of  central  Arisona,  resulted  from  the 
collision  of  warn,  moist  tropical  air  with  a  strong  cold  front,  and  the 
rapid  lifting  of  this  amist  air  by  the  mountain  ridges.  The 

depth- are  a- duration  pattern  of  precipitation  is  considered  to  be  the 
most  severe  that  nay  reasonably  be  expected  to  occur  in  thi.  portion  of 
the  State. 


28.  The  standard  project  atom  mi  transposed  and  centered  over 
the  area  tributary  to  the  Little  Colorado  River  at  Holbrook  by  using 
isopercentuals  of  2-year ,  24-hour  precipitation.  Xsopercentuals  of  the 
September  1970  storm  as  centered  for  Holbrook  are  shown  on  plate  F-10. 
Although  the  area  of  maximm  isopercentuals  occurred  in  the  desert  west 
of  Phoenix,  the  portion  actually  transposed  occurred  in  the  mountains 
mi  <feay  between  Phoenix  and  Holbrook.  The  isopercentuals  were 
superimposed  over  the  Little  Colorado  River  Basin  in  such  a  way  as  to 
result  in  the  greatest  storm  precipitation  depths  that  would  be 
consistent  with  rainfall  amounts  indicated  by  the  2-year,  24-hour 
precipitation  (pi.  F-ll).  It  was  felt  that  transposition  was  reasonable 
because  of  the  general  sisdlarity  of  climate  and  elevation  between  the 
location  of  the  original  storm  and  the  Holbrook  drainage  basin.  The 
time  distribution  of  precipitation  used  for  the  study  was  baaed  upon  the 
average  of  time  distributions  during  the  September  1970  atorm  of  three 
recording  rain  gages  located  within  the  (original)  storm  area.  A  time 
interval  of  1/2  hour  was  selected  as  the  shortest  time  interval  for 
which  precipitation  intensities  would  be  required  to  define  accurate 
flood  hydrographs. 

Precipitation-Runoff  Relationships 

29.  The  lack  of  adequate  precipitation-runoff  data  for  the 
drainage  basin  precludes  any  attempt  at  reconstitutions  of  flood  events. 
The  methods  used  for  this  study  were  based  generally  on  those  used  in 
other  comparable  streams  i  n  central  and  northern  Arisona. 

a.  UNIT  HYDROGRAPHS.  The  method  used  to  develop  synthetic  unit 
hydrographs  is  che  Los  Angeles  Hydrograph  procedure  as  described  in  TB 
5-550-3,  "Flood  Prediction  Techniques,"  dated  February  1957.  Unit 
hydrographs  were  developed  for  the  subareas  using  the  lag-relationship 
curve  (pi.  F-12)  and  the  Phoenix  Mountain  S-graph  (pi.  F-13).  Basin  "N" 
values  for  each  subarea  ranged  from  0.035  to  0.045,  and  were  determined 
from  field  inspection  and  judgment.  Pertinent  data  for  the  various 
subareas  are  given  in  table  F-5. 


Table  F-5 •  Drainage  basin  subarea  characteristics 


Subaru 

Duigutios 

Drainage  area 
(Square  miles) 

L 

(Niles) 

LCA 

(Niles) 

Slope 

(Ft/mile) 

"■"-value 

A 

*2,200 

69.4 

32.3 

42 

0.045 

B 

1,330 

64.6 

32.3 

70 

0.045 

C 

**2,730 

96.6 

52.7 

31 

0.045 

D 

820 

59.9 

32.3 

70 

0.040 

E 

1,008 

53.5 

27.9 

37 

0.045 

F 

170 

31.1 

14.4 

26 

0.035 

G 

3,030 

131.7 

68.6 

23 

0.040 

*  Total  drainage  area;  1,370  sq.  niles  contributing,  830  sq.  miles 
closed  basin. 

**  Total  drainage  area;  2,530  sq.  niles  contributing,  200  sq.  miles 
closed  basin. 
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b.  PRECIPITATION-LOSS  RATES.  Precipitation-loss  rates  cannot  be 
accurately  determined  for  the  study  area  because  of  inadequate  runoff 
data.  However,  rates  have  been  determined  for  areas  of  similar  physical 
characteristics.  The  loss  rates  for  the  general  storm  were  determined 
using  the  HEC  loss  rate  program  with  a  STRKR  ■  0.30,  DLTKR  •  0,  and 
RTIOL  •  2.00.  Because  of  the  large  sise  of  the  basin,  imperviousness  is 
considered  negligible. 

c.  PERCOLATION  AND  BASEFLOW.  Percolation  and  baseflow  were 
considered  to  be  negligible  for  all  the  subareas  in  the  drainage  basin. 

d.  SNOWMELT.  Snowmelt  is  not  considered  to  be  a  significant 

contributing  factor  to  the  peak  of  the  standard  project  flood.  The 
generally  high  elevation  of  most  of  the  drainage  basin  is  not  conducive 
to  rapid  snowmelt  and  the  production  of  a  flood  of  the  type  and 

magnitude  of  the  standard  project  flood.  Snowmelt  for  long  periods 

would  produce  a  flood  of  record  voltmie,  but  not  generally  with  a  high 
peak. 

Determination  of  the  Standard  Project  Flood 

30.  The  standard  project  flood  was  determined  by  the  following 

procedure: 

a.  Determination  of  unit-time  increments  of  precipitation  for  each 
sub-area. 

b.  Determination  of  effective  precipitation  by  subtraction  of  loss 
rates. 

c.  Determination  of  subarea  surface-runoff  hydrograph  by 
application  of  subarea  aynthetic  unit-hydrograph  values  to  the  effective 
unit-period  precipitation. 

d.  Determination  of  the  total  flood  hydrograph  by  channel  routing 
and  combining  subarea  hydrographa  as  required. 

31 .  The  routing  of  the  peak  flows  from  the  subareas  was 
accomplished  by  the  Muskingum  Method  that  is  described  in  EM  1110-2- 
1408,  "Routing  of  Floods  Through  River  Channels."  An  analysis  of 
recorded  flood  hydrographa  to  determined  routing  coefficients  cannot  be 
satisfactorily  completed  because  of  the  large  amount  of  intervening 
drainage  area  between  the  Holbrook  and  Woodruff  gages,  as  well  as  the 
fact  that  the  Hunt  gage  was  discontinued  in  September  1972.  Velocity  of 
flow  was  determined  by  normal  depth  calculations  from  cross  sections 
obtained  from  field  inspections  and  1:62,500  scale  topo  sheets.  An 
average  velocity  of  5  feet  per  second  was  determined  reasonable  for  the 
channel  reaches.  Muskingum  "X"  values  were  estismted  from  field 
observation,  topographic  maps,  and  the  esMunt  of  ovwrbank  indicated  by 
the  normal  depth  calculations.  Muskingiaa  coefficients  and  reach  lengths 
of  the  various  reaches  are  given  in  table  F-6. 


Standard  Project  Hood  Peak  Discherg 

32.  The  standard  project  flood  peak  discharge  at  Holbrook,  Arizona 
is  approximate ly  107,000  cfs.  Plate  P-14  shows  the  standard  project 
flood  hydrograph  at  Holbrook. 


Table  F-6 .  Reach  length  and  wuskingum  routing  coefficients 


Channel  reach 

Reach 

length 

(Feet) 

Travel 

time 

(Hrs) 

K 

(Hrs) 

X 

No.  of 
sub reaches 

Frew  areas  A  6 

to  C 

B 

73,900 

4.1 

0.50 

0.20 

8 

From  area  C  to 
D  &  R 

147,800 

8.2 

0.50 

0.20 

16 

From  areas  D  & 

to  F  4  G 

E 

82,200 

4.5 

0.50 

0.20 

8 

DISCHARGE-FREQUENCY  ANALYSIS 
General 

33.  Of  the  ei£»t  streamgages  that  were  located  in  the  vicinity  of 
the  Little  Colorado  River,  only  four  are  judged  to  be  representative  of 
the  flows  at  Holbrook.  They  ere:  (1)  the  Little  Colorado  River  near 
Joeeph  City;  (2)  the  Little  Colorado  River  at  Holbrook;  (3)  the  Little 
Colorado  River  at  Woodruff;  and  (4)  the  Little  Colorado  River  near 
Hunt.  The  gage  at  Holbrook  was  correlated  with  the  Woodruff  and  Hunt 
gages,  and  its  period  of  record  extended  using  the  HEC  regional 
frequency  program.  The  record  of  the  gage  near  Joseph  City  (5  wiles 
downs  t  re  aw  from  Holbrook)  was  used  to  determine  the  flows  at  Holbrook 
for  the  missing  years  of  1974  to  1976. 

Analytical  Discharge-Frequency  Analysis 

34.  A  discharge-frequency  relationship  for  the  Little  Colorado 
River  at  Holbrook  was  established  according  to  the  Water  Resources 
Council's  Bulletin  17  "Guidelines  for  determining  flood flow  frequency." 
The  statistics  of  the  recorded  data  for  each  gage  and  the  adopted 
statistics  for  the  extended  record  of  the  Holbrook  gage  are  shown  in 
table  F-7.  Plate  1  of  Bulletin  17  shows  the  generalised  skew  for  the 
Holbrook  area  to  be  sero  and  following  the  guidelines  the  computed  skew 
of  the  extended  record  is  0.044.  In  light  of  the  sero  skew  of  Bulletin 
17  and  the  skew  of  0.044  of  the  data,  it  was  judged  that  a  sero  skew  be 
adopted  for  the  Holbrook  area. 
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Table  F-7.  Discharge-frequency  statistics. 

GAGE  RECORDED  ADOPTED 


(Name  and  number) 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Little  Colorado  River: 

At  Holbrook 

09397000 

3.969 

0.268 

4.038 

0.297 

Near  Woodruff 

09394500 

3.606 

0.295 

— 

— 

Near  Hunt 

09388000 

2.881 

0.491 

— 

— 

35s  In  addition  to 

the  recorded 

discharges, 

a  peak 

discharge  of 

60,000  cfs  was  plotted  as  an  historical  peak.  This  peak  discharge  was 
estinated  frost  slope-area  awasureaents  for  the  flood  of  September  19, 
1923,  and  judged  to  be  the  largest  peak  to  occur  since  1870.  This  event 
was  plotted  as  the  largest  event  to  occur  in  a  107-year  period  (1870- 
1976)  and  is  shown  on  plate  P-15. 

Resultant  Discharge-Frequency  Curve 

36.  The  cosiputed  discharge  frequency  curve  for  the  Little  Colorado 
River  at  Holbrook  (pi.  F-15)  was  drawn  with  the  adopted  mean  and 
standard  deviation,  and  with  a  aero  skew.  The  expected  probability 
curve  is  represented  by  the  light  dashed  line.  The  recorded  peak 
discharges  for  the  Little  Colorado  River  at  Holbrook  were  plotted  using 
median  plotting  positions. 

INTERIOR  DRAINAGE 

General 


37.  A  possible  source  of  flooding  of  the  City  of  Holbrook,  other 
than  from  the  Little  Colorado  River,  could  occur  from  the  many  small 
streams  that  flow  from  the  mesa  ismediately  north  of  the  town  and  from 
tributaries  south  of  the  river  flowing  into  inhabited  areas.  To 
determine  the  severity  of  the  flooding,  the  standard  project,  100-year, 
and  50-year  floods  were  computed  for  concentration  points  within  the 
City  of  Holbrook. 

38.  In  order  to  adequately  define  the  the  interior  drainages  of 
Holbrook,  it  was  necessary  to  divide  the  city  into  subareas  and  route 
and  combine  flows  where  necessary.  Subarea  locations  and  drainage 
boundaries  are  shown  on  plate  F-16.  The  subareas  range  in  siae  from 
1.60  to  0.06  square  miles  and  have  slopes  ranging  from  9  fast  per  mile 
to  almost  200  feet  per  sdle. 


Standard  Project  Flood 

39.  The ,  standard  project  flood  for  the  interior  drainages  of 
Holbrook  was  judged  to  occur  froa  a  high  intensity,  short-duration 

thunders  tons  centered  over  the  city.  The  stnaer  thund  er  s  torn 
that  occurred  at  Queen  Creek,  Arizona,  in  August  1934  is  a  good  example 
of  this  type  of  flood-producing  event.  A  s meter  thunderstorm  of  this 
intensity  could  occur  in  the  Holbrook  area  and  would  be  reasonable  for 
use  as  the  standard  project  atom.  The  Queen  Creek  storm  pattern  was 
transposed  to  the  Holbrook  area  by  ratios  of  10-year,  6-hour 
precipitation;  and  as  a  result,  the  total  rainfall  at  the  storm  center 
was  reduced  from  7.50  indies  to  4.74  indies. 

40.  lunoff  was  computed  using  synthetic  unit  hydrographs  developed 
for  the  subarea  using  the  Average  Arizona  (under  1,500  sq.  miles) 
S -graph.  Basin  values  ranged  from  0.30  to  0.045.  Pertinent  data 
for  the  various  subareas  are  given  in  table  P-8.  Because  of  the  lack  of 
rainfall-runoff  data,  precipitation-loss  rates  could  not  be  determined 
by  reconstitutions.  A  loss  rate  of  0.25  indt  per  hour  was  judged  to  be 
a  representative  loss  rate  for  the  Holbrook  area  following  experience 
with  other  hydrologically  similar  areas.  Imperviousness  ranged  from  5 
to  25  percent. 

Table  P-8.  Interior  drainage  subarea  characteristics. 

Drainage 


Subarea 

Area 

L 

Lea 

Slope 

"H" 

Percent 

designation 

(Sq.  miles) 

(Miles) 

(Miles) 

(Pt/nile) 

Value 

impervious 

k 

1.60 

2.46 

1.42 

65 

0.045 

5 

B 

0.49 

0.85 

0.42 

200 

0.040 

10 

C 

0.31 

0.96 

0.46 

180 

0.035 

10 

D 

0.40 

1.08 

0.45 

160 

0.040 

5 

E 

1.47 

1.96 

1.04 

130 

0.045 

5 

F 

0.26 

1.30 

0.64 

10 

0.030 

25 

G 

0.06 

0.77 

0.35 

15 

0.030 

25 

H 

0.45 

0.91 

0.30 

130 

0.030 

5 

I 

0.29 

1.07 

0.54 

120 

0.030 

5 

41.  Plood  hydrograph  routing  between  the  subareas  was  accomplished 
by  the  Muskingum  method.  Routing  velocities  were  determined  by  normal 
depth  calculations  from  cross-sections  obtained  from  1:2400  scale 
topographic  maps.  Muskingum  "f  values  ranged  from  0.20  in  the  leveed 
section  at  the  east  side  of  town  to  0.10  in  the  areas  subject  to  street 
flaw  in  town.  Routing  parameters  for  the  various  reaches  are  listed  in 
table  P-9. 

100-  and  50-Tear  Ploods 

42.  In  the  absence  of  any  runoff  data  from  small  drainage  basins 
in  or  near  the  Holbrook  area,  it  was  judged  that  the  best  estimate  of 
the  100-  and  50-year  floods  would  be  from  rainfall  »  f  the  same 
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frequency.  The  premise  adopted  in  this  analysis  was  that  if  "average" 
values  of  other  parameters  such  as  basin  "N"  values,  percent  impervious, 
and  loss  rates  are  used,  the  frequency  of  the  derived  flood  should 
approximate  the  frequency  of  rainfall* 

43.  The  rainfall  parameters  chosen  to  preserve  the  consistency 
between  rainfall  and  runoff  frequency  were  the  maximum  5-,  10-,  15-  and 
30-minute  nad  1-hour  precipitation  amounts.  The  maximtmi  amounts  were 
determined  from  N-year,  6-hour,  and  N-year,  24-hour  rainfall  amounts  and 
regression  equations  for  finding  N-year,  T-hour  amounts  presented  in 
NOAA  Atlas  2.  The  time-distribution  pattern  chosen  was  the  same  as  the 
one  used  for  the  SPF,  the  Queen  Creek  storm* 


Table  F-9. 

Muskingum  routing 

coefficients. 

Travel 

time 

No.  of 

Muskingum  K 

Reaches 

(hra) 

Sub re aches 

(Subreaches) 

Muskingum  K 

Subareas 

A  to  B* 

0.23 

3 

0.083 

0.10 

B  to  C 

0.26 

3 

0.083 

0.15 

C  to  D 

0.26 

3 

0.083 

0.10 

A  to  E 

0.09 

1 

0.09 

0.20 

E  to  F* 

0.60 

8 

0.083 

0. 10 

F  to  G 

0.24 

3 

0.083 

0. 10 

*  Breakout  from  levee* 

44.  The  100-  and  50-year  flood  peak  discharges  were  calculated  in 
the  same  manner  as  the  SPF*  Basin  "N"  values,  loss  rates  and  routing 
coefficients  were  adjusted  to  account  for  the  inefficiency  of  the 
drainage  basin  under  less  than  standard  project  conditions. 

45*  Because  of  the  lack  of  any  streamgages  in  the  Holbrook  area, 
it  was  necessary  to  examine  all  possible  gages  within  a  75-mile  radius 
of  Holbrook  to  see  if  any  discharge-frequency  relationships  could  be 
established  for  use  in  the  study*  Table  F-10  presents  a  listing  of  IB 
crest-stage  gages  used  for  analysis*  It  was  judged  that  the  adequacy  of 
the  100-  and  50-year  flood  peak  discharges  could  be  indicated  by 
comparison  with  the  100-  and  50-year  discharges  computed  from  the  gages 
using  the  guidelines  of  Bulletin  17*  A  comparison  of  the  computed  100- 
and  50-year  peak  discharges  for  the  concentration  points  with  those  of 
the  stream  gages  are  shown  on  plates  F-17  and  F-18* 

Peak  Discharges 

46*  Standard  project  and  N-year  flood  peak  discharges  for  project 
and  nonproject  conditions  within  the  City  of  Holbrook  are  listed  in 
table  F-U  and  shown  on  plates  F-19  and  F-20. 
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Coincident  Plow 


47.  Coincident  flows  for  the  Little  Colorado  River  and  the 
tributariea  within  the  City  of  Holbrook  were  deternined  f row  an  analyaia 
of  aaxinia  1-day  rainfall*  recorded  at  Holbrook  and  aaxiaue  1-day  flows 
in  the  Little  Colorado  River.  Fran  the  analysis  it  was  deternined  that 
when  the  100- year  flood  peak  occurred  on  the  tributaries,  the  flaw  on 
the  Little  Colorado  River  would  be  equal  to  a  5-year  flood.  Fran  the 
sane  analysis,  a  10-year  flood  could  be  expected  on  the  tributaries  when 
the  100-year  flood  is  occurring  on  the  Little  Colorado  River. 
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Table  F-10.  Continued 


Plow  upstrean  fro*  confl.  0.40  1,210  1,210  720  720 

with  St res*  B 

Flow  downs t real  frow  confl.  1.20  2,400  2,460  1,160  1,130 


ADEQUACY  OF  RESULTS 
Standard  Project  Flood 

48.  The  adequacy  of  the  standard  project  flood  discharge  is 
indicated  by  comparison  with  the  enveloping  curves  or  recorded 
discharges  shown  on  plate  F-21. 

Probable  Maximum  Flood  (PMF) 

49.  An  evaluation  of  the  probable  maximum  flood  was  completed  for 
comparison  with  the  SPF  from  the  1970  stons  transposition.  General 
storm  probable  maximm  precipitation  (PMP)  criteria  of  the  southwest 
areas  has  not  been  finalised;  therefore,  its  use  is  limited  to  only 

**  rough  estimates.  In  addition,  the  areal  reduction  for  covergence  and 

orographic  PHP  is  limited  to  less  than  5,000  square  sales  in  the 
preliminary  criteria;  the  Little  Colorado  River  at  Holbrook  has  a 
drainage  area  of  11,400  square  miles. 

50.  Two  computations  of  PMF  were  made  using  the  new  criteria. 
With  the  areal  reduction  factor  limited  to  areas  of  under  5,000  square 
miles,  the  PMP  was  centered  over  only  5,000  square  miles  of  the  drainage 
basin  above  Holbrook.  Choice  of  probable  maximum  storm  centering  was 
based  on  a  comparison  of  the  basin  average  orographic  index  for  all 
subareas.  The  lowest  indices  were  of  the  Zuni  and  Puerco  River 
subareas,  totaling  almost  6,000  square  miles.  These  two  subareas  were 
considered  as  noncontributing  for  this  computation.  The  PMF  peak  at 
Holbrook  by  this  method  is  227,000  cfs. 

51.  The  second  computation  of  the  PMF  was  made  by  extrapolating 
the  areal  reduction  curves  from  the  5,000  square  miles  to  the  11,400 
square  miles  needed  for  Holbrook.  Unlike  the  first  computation,  all  the 
subareas  were  considered  to  be  contributing  to  the  peak  at  Holbrook. 
This  method  yields  a  PMF  of  206,000  cfs*  Hydrographs  of  both  floods  and 
the  SPF  are  shown  on  plate  F-22. 
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PLATE  F-l 


UTTLE  COLORADO  RIVER,  VICINITY  OF  HOLBROOK 
NAVAJO  COUNTY,  ARIZONA 

NORMAL  ANNUAL 
PRECIPITATION 


U.  S.  ARMY  ENGINEER  DISTRICT 
LOS  ANGELES,  CORPS  OF  ENGINEERS 


—  PLATE  F-2 


DISCHARGE  IN  THOUSAND  C.  F.  S. 


PLATE  F-5 


DISCHARGE  IN  THOUSANO 


DISCHARGE  IN  THOUSANO 


.'.iV.*- 


PLATE  F-9 


HOLBROOK 


36° 


ISOPERCENTUALS  OF  2-YR  24-HR 
CENTERED  FOR  MAXIMUM  AT 
HOLBROOK. 


SAN  GABRIEL  RIVER  AT  SAN  GABRIEL  DAM,  CALIF. 
WEST  FORT  SAN  GABRIEL  RIVER  AT  COGSWELL  OAM, 
SAN  ANITA  CREEK  AT  SANTA  ANITA  OAM,  CALIF. 

SAN  OIMAS  CREEK  AT  SAN  OIMAS  DAM,  CALIF. 

EATON  WASH  AT  EATON  WASH  DAM, CALIF. 

SAN  ANTONIO  CREEK  NEAR  CLAREMONT,  CALIF. 

SANTA  CLARA  RIVER  NEAR  SAUGUS,  CALIF 
TEMECULA  CREEK  AT  PAUBA  CANYON, CALIF. 

SANTA  MARGARITA  RIVER  NEAR  FALLBROOK , CALIF. 
SANTA  MARGARITA  RIVER  AT  YSIOORA,  CALIF. 

LIVE  OAK  CREEK  AT  LIVE  OAK  DAM,  CALIF. 

TUJUNGA  CREEK  AT  BIG  TUJUNGA  OAM,  CALIF. 

MURRIETA  CREEK  AT  TEMECULA,  CALIF. 

LOS  ANGELES  RIVER  AT  SEPULVEDA  OAM, CALIF. 
PACOIMA  WASH  AT  PACOIMA  OAM, CALIF. 

ALHAMBRA  WASH  ABOVE  SHORT  STREET,  CALIF. 
BROADWAY  DRAIN  ABOVE  RAYMOND  DIKE,  CALIF. 

GILA  RIVER  AT  CONNOR  NO. 4  DAM  SITE,  ARIZ. 

SAN  FRANCISCO  RIVER  AT  JUNCTION  WITH  BLUE  RIVER,  ARIZ 
BLUE  RIVER  NEAR  CLIFTON,  ARIZ 
SALT  RIVER  NEAR  ROOSEVELT,  ARIZ. 

NEW  RIVER  AT  ROCK  SPRINGS,  ARIZ. 

NEW  RIVER  AT  NEW  RIVER,  ARIZ. 

NEW  RIVER  AT  BELL  ROAD,  ARIZ. 

SKUNK  CREEK  NEAR  PHOENIX,  ARIZ. 


CONTRIBUTING 

AREA  L 

UCo 

S  • 

SO.  Ml. 

MILES 

MILES 

FT/MI. 

162.0 

23.2 

11.6 

350 

CALIF.  40.4 

9.3 

4.3 

450 

10.8 

5.8 

2.5 

690 

16.2 

8.6 

4.8 

440 

9.5 

7,3 

4.4 

600 

16.9 

5.9 

3.0 

ipi  7 

3  55.0 

36.0 

i-5. 6 

140 

1  68.0 

26.0 

11.3 

I  50 

645.0 

46.0 

22.0 

105 

740.0 

61.2 

34.3 

65 

2.3 

2.9 

1.5 

700 

8  1.4 

15.1 

7.3 

290 

2  20.0 

27.2 

10.3 

95 

152.0 

19.0 

9.0 

1  45 

2  7.8 

15.0 

9.0 

315 

14.0 

9.5 

4.6 

85 

2.5 

3.4 

l  .7 

100 

2840.0 

1  31.0 

71  0 

29 

2000.0 

!  30.0 

74  0 

32 

7  90.0 

77.0 

37.0 

65 

4310.0 

160.0 

66.0 

45 

67.3 

20.2 

9.7 

141 

85.7 

26.2 

89 

122 

187.0 

4  7.6 

20.7 

83 

6  4.6 
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LAG  CURVE  FOR  DRAINAGE  AREA 
WITH  BASIN  FACTOR  (n)*  0.050 


LAG *  1.2 
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LCo 
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FT/MI. 
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.6 

.,015 

1  .7 
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.26 

.015 

71  0 

29 

2  1 .5 

.050 

74  0 

32 

20.6 

.  050 

37.0 

65 

10.3 

.050 

66.0 

45 

16.6 

.050 

9.7 

141 

2,8 

,044 

69 

(22 

3.2 

.042 

20.7 

83 

5.1 

.035 

9  9 

102 

2,3 

.031 

GUIDE  FOR  ESTIMATING  BASIN  FACTOR  (If) 


B- 0.200:  DRAINAGE  AREA  HAS  COMPARATIVELY  UNIFORM  SLOPES 
AND  SURFACE  CHARACTERISTICS  SUCH  THAT  CHANNELIZATION  DOES 
NOT  OCCUR.  GROUND  COVER  CONSISTS  OF  CULTIVATED  CROPS  OR 
SUBSTANTIAL  GROWTHS  OF  GRASS  AND  FAIRLY  DENSE  SMALL  SHRUBS, 
CACTI,  OR  SIMILAR  VEGETATION.  NO  DRAINAGE  IMPROVEMENTS  EXIST 
IN  THE  AREA. 

W5°'050:  DRAINAGE  AREA  IS  QUITE  RUGGED,  WITH  SHARP  RIDGES 
AND  NARROW,  STEEP  CANYONS  THROUGH  WHICH  WATERCOURSES 
MEANDER  AROUND  SHARP  BENOS,  OVER  LARGE  BOULDERS,  AND 
CONSIDERABLE  DEBRIS  OBSTRUCTION.  THE  GROUND  COVER, 

EXCLUDING  SMALL  AREAS  OF  ROCK  OUTCROPS,  INCLUDES  MANY 
TREES  AND  CONSIDERABLE  UNDERBRUSH.  NO  DRAINAGE  IMPROVEMENTS 
EXIST  IN  THE  AREA. 

■liOiOgO-  DRAINAGE  AREA  IS  GENERALLY  ROLLING,  WITH  ROUNDED 
RIDGES  AND  MODERATE  SIDE  SLOPES.  WATERCOURSES  MEANDER  IN 
FAIRLY  STRAIGHT,  UNIMPROVED  CHANNELS  WITH  SOME  BOULOERS  ANO 
LODGED  DEBRIS.  GROUND  COVER  INCLUDES  SCATTERED  BRUSH  AND 
GRASSES.  NO  DRAINAGE  IMPROVEMENTS  EXIST  IN  THE  AREA. 

£&S1£:  DRAINAGE  AREA  HAS  FAIRLY  UNIFORM,  GENTLE  SLOPES 
WITH  MOST  WATERCOURSES  EITHER  IMPROVED  OR  ALONG  PAVEO 
STREETS.  GROUND  COVER  CONSISTS  OF  SOME  GRASSES  WITH 
APPRECIABLE  AREAS  DEVELOPED  TO  THE  EXTENT  THAT  A  LARGE 
PERCENTAGE  OF  THE  AREA  IS  IMPERVIOUS. 


TERMINOLOGY 

L  *  LENGTH  OF  LONGEST  WATERCOURSE. 

LCa 8  LENGTH  ALONG  LONGEST  WATERCOURSE, 
MEASURED  UPSTREAM  TO  POINT 
OPPOSITE  CENTER  OF  AREA. 

S  *  OVER-ALL  SLOPE  OF  LONGEST 

WATERCOURSE  BETWEEN  HEADWATER  AND 
COLLECTION  POINT. 

LAG*  ELAPSED  TIME  FROM  BEGINNING  OF  UNIT 
PRECIPITATION  TO  INSTANT  THAT 
SUMMATION  HYDROGRAPH  REACHES  50% 
OF  ULTIMATE  DISCHARGE. 

n  *  VISUALLY  ESTIMATED  MEAN  OF  THE  n 
(MANNING'S  FORMULA)  VALUES  OF  ALL 
THE  CHANNELS  WITHIN  AN  AREA. 


NOTE: 

TO  OBTAIN  THE  LAG  (IN  HOURS)  FOR 
ANY  AREA,  MULTIPLY  THE  LAG  OBTAINED 
FROM  THE  CURVE  BY  : 

J—U-OR  20 It 


30  40  50 


100  200  300400  600 


0.2 

1000  2000 


LITTLE  COLOftAOO  fttVCft,  VICIN»TY  OP  HOLftftOOK 
NAVAJO  COUNTY.  ARIZONA 

LAG  RELATIONSHIPS 
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AD- A 1 36  661  REVIEW  REPORT  FOR  FLOOD  CONTROL  AND  RECREATIONAL  d/li 

DEVELOPMENT  LITTLE  COLOR. (Ul  ARMY  ENGINEER  DISTRICT 
LOS  ANGELES  CA  SEP  80 
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PLATE  F- 14 


DISCHARGE,  IN  CUBIC  FEET  PER  SEC 


» 


EXCEEDANCE  FREQUENCY  PER  HUNOREO  YEARS 


EXCEEDANCE  INTERVA'  ’I,  •iARf, 


MEAN  4.038 

8TQ.  OEV.  0.287 
COMPUTEO  SKEW  0.044 
GENERALIZED  SKEW 
(GuNttln  17)  0.0 

adopted  smew  o.o 


uttu  eotORAQC  mvm,  v*cu»ity  of  mocmoom 

MAVAJO  OOUNTY,  AMZOMA 


DISCHARGE-FREQUENCY  CURVE 


LITTLE  COLORADO  RIVER 
AT  HOLBROOK, AZ. 


B  1823  flood  peak,  reported  to  ge 
largest  SINCE  187a 
•  MEDIAN  PLOTTING  POSITIONS 
N  >  27  YEARS .  M  »  IQT  TEARS 


USGS  GAQE»  08387000  0A«  11,800  1Q.MI. 

ARMY  CORPS  OF  ENGINEERS 
LOS  ANGELES  DISTRICT 

'  A.  COMPANY  REPORT  OATEO _ 


PLATE  F-15 


LEGEND 

SUBAREA  BOUNDARY  — »ll~ 
SUBAREA  DESIGNATION  (g) 


LITTLf  COLORADO  RIVIR,  VICINITY  OR  HOLtROOK 
NAVA  40  COUNTY,  ARIZONA 


GENERAL  LOCATION  AND 
DRAINAGE  BOUNDARIES  FOR 
INTERIOR  DRAINAGE 


U  S  ARMY  CORPS  OF  ENGINEERS 
LOS  ANGELES  DISTRICT 


PCM(  DISCHARGE  IN  C.F.S. 
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Little  Colorado  River 
Holbrook ,  Arizona 

Geotechnical  Appendix 

Amendment  1 

Purpose.  The  purpose  of  this  amendment  is  to  supplement  the  Little  Colorado 
River  “Holbrook ,  Arizona,  Geotechnical  Appendix.  The  1945  soils  log  and 
laboratory  test  information  was  not  included  in  the  initial  report,  although 
it  was  refered  to.  This  amendment  presents  the  existing  borrow  area  information. 

Amendment.  Under  the  heading,  Construction  Materials,  delete  paragraph  10  and 
insert  the  following: 

"10.  Borrow  Areas:  Sufficient  quantities  of  borrow  materials  may  be  obtained 
from  designated  borrow  areas  along  the  northern  foothills  bordering  Holbrook, 
see  Plate  1.  Borrow  site  investigations,  conducted  in  the  project  area,  for 
the  original  Little  Colorado  River  levee  project  by  the  Los  Angeles  District 
in  1945,  indicate  layers  of  clayey  silt  and  silty  sand,  overlain  by  a  layer  of 
gravel  along  the  northwest  foothills.  See  Plates  1  through  7  for  location  and 
laboratory  test  information.  A  similar  soil  profile  is  expected  in  the  desig¬ 
nated  borrow  areas.  Native  streambed  materials  consisting  mainly  of  fine 
uncompacted  alluvial  sands  are  unsuitable  for  use  in  construction  of  the  levee. 
See  Plate  8.  Pending  further  site  investigations,  materials  from  the  proposed 
59-acre  ponding  area  east  of  the  Old  Navajo  County  Fairgrounds  may  provide 
additional  borrow  fill.  The  existing  levee  fill  was  obtained  from  the  1945 
borrow  site  and  should  be  adequate  as  borrow  for  new  construction". 


Insert  Plates  1  through  1,  as  follows: 
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Gtottehalctl  Ka|lutrla| 
Little  Colorado  Klvor  at  Holbrook 


Introduction 

1.  Purnoao  and  Scops .  Ths  purpose  of  thla  report  la  to  preaent  preliminary 
geotechnical  Information  for  the  design  of  the  proposed  structural  Improve** 
meats  along  the  Little  Colorado  River*  The  geology  and  nolle  Information 
presented  In  this  appendix  was  assimilated  to  determine  the  extent* 
distribution  and  general  physical  properties  of  the  roc k  and  soils  at  end 
adjacent  to  the  project  site.  The  Information  was  evaluated  to  determine  the 
foundation  and  groundwater  conditions  and  to  provide  a  reasonab le  heals  tor 
the  design  of  the  proposed  earth  levees  and  the  astlnatlon  of  construction 
costs.  Ro  subsurface  Investigation  or  detail  ad  laboratory  soli  testing  have 
been  conducted  under  this  phase  of  the  study. 

2.  Description  of  Project  Features.  The  proposed  project  would  provide  flood 
protection  by  raising  and  lengthsnlog  the  existing  north  bank  levee  from  just 
east  of  Leroux  Vash  to  a  point  approximately  6*800  feet  east  of  the  State 
Route  77  bridge.  In  addition*  a  levee  mill  be  constructed  on  the  south  bank 
from  the  Apache  Railroad  eAankaent,  extending  3*600  feet  eastward  than 
hooking  southward  to  higher  ground.  A  snail  entrenched  channel  to  provide  for 
Interior  drainage  behind  the  south  levee  would  be  constructed.  A  58-acre 
ponding  area  east  of  the  Old  Sava Jo  County  Fairgrounds  would  be  excavated  6 
feet  below  existing  grade  to  control  drainage  northeast  of  Holbrook.  An 
existing  low-flow  channel  excavated  and  maintained  by  the  City  of  Holbrook 
would  be  reconstructed  to  a  minimum  depth  of  6  feet.  Based  on  preliminary 
hydraulic  design  considerations*  levee  elope  protection  consisting  of  15 
Inches  of  riprap  will  be  required.  The  slope  facing  will  extend  down  to  and 
Incorporate  the  existing  cutoff*  or  to  a  minimum  depth  of  10  feet  elsewhere. 
Grouted  stonework  Is  to  be  provided  over  the  area  extending  200  feet  upstream 
of  the  highway  bridge  to  200  feet  downetream  of  the  railroad  bridge.  See 
Plate  1  for  general  plan. 

Regional  Topography  and  Geology 

3.  The  town  of  Holbrook  le  located  primarily  along  the  north  bank  of  Little 
Colorado  River  epprolxmately  3  miles  west  of  the  confluence  with  the  Rio 
Puerco.  The  river  flows  lntemittenly  after  precipitation  within  Its  drainage 
baaln  and  generally  flews  northwest.  The  river  bed  at  Holbrook  la  generally 
wide  and  flat  consisting  mainly  of  fine  alluvial  sands  and  sporadic  clayey 
ellt  lenses.  The  underlying  bedrock  In  the  area  coos la ts  mainly  of  Permian 
and  Tr lassie  age  sandstones.  Horth  of  the  town*  a  belt  of  Trlaeelc 
conglomerate  oeonrs.  The  terrain  near  Holbrook  la  comparatively  flat* 


although  bum  rout,  •■•ll,  low-lying  hllln  occur  within  the  area.  For  may 
alias  la  extent  ,  tbs  ragloa  surrounding  lolbrook  la  a  part  of  the  Hogollsa 
Plateau,  which  Is  part  of  tha  Colorado  Plateau  prwlaee.  The  dlotlagulahlng 
faaturao  of  thin  province  arc  tha  marly  horltootal  rock  formtlom,  tha  high 
altitude  of  the  land  surface  and  the  davalopmat  of  nnmroos  canyons  dssplta 
tha  general  aridity  of  tha  ragloa. 

Ground water 

4.  Based  on  tha  mil  water  depth  recordings  listed  la  Table  I(  for  the  walls 
located  on  Plata  1,  It  appears  that  groundwater  will  be  encountered  at  shallow 
depths.  Groundwater  depths  along  tha  project  reach  will  be  evaluated,  with 
greater  certainty,  during  future  design  audios  and  their  related  subsurface 
Investigations. 

Table  1  Observed  Vail  Data 

Vail  Ground  De-ith  to  Hater  Thalweg 

Data  Elevation  location  Veter  Elevation  Elevation 

4/66-1  5165  3  1/2  alias  SE  of  Holbrook  -54  ft  5111  5110 

11/72-2  5000  3  alias  V  of  lolbrook  -33  ft  5047  5048 

3/68-3  5090  5  a  lies  SV  of  Holbrook  -39  ft  5051  5055 

Based  on  U.S.G.S.  15  aln  quad  of  Holbrook,  Arisons. 

See  Plate  1  for  wall  locations. 

Selsalclty 

5.  The  project  area  Is  in  Zone  XX  on  tha  Selsnlc  Zona  lap  of  the  United 
States  (Bef.  EE  1110-2  30  Apr  1977)  and  la  considered  a  noderate  risk 
ragloa.  The  largest  known  earthquake  In  the  States' a  history  was  one  of 
epic  antral  Intensity  VIII  (aodlflsd  Me  real  11)  recorded  In  1910  appronlmtaly 
75  alias  northeast  of  Flagstaff.  Structural  features  sad  locations  of 
earthquake  epicenters  In  Arisons  are  given  on  Plata  2.  Peeudo-atatlc  analysis 
of  the  levae  slopes  during  tha  design  of  tha  levee  shodd  be  adequate  to 
Insure  tha  nubility  of  the  structure. 

Design  Considerations 

6.  Foundation  Conditions?  Tha  foundation  conditions  are  adequate  for  the 

proposed  lapr ovens nts.  Tha  mtarlala  are  prlmrlly  fine  alluvial  with 

Intermittent  clayey  silt  leases.  Bedrock,  generally  cmslstl^  of  sa adatom, 

should  not  be  encountered  during  toe  excavation  or  piles  - rl 

construction.  The  groundwater  table  Is  relatively  high  and  my  present 
problem  for  heavy  construction  equipmnt  during  cons  unction  of  tha 
choanal. 
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7.  »f»«t  «-frank»*nt:  Hi*  lav**  e^aokment  will  require  approximately  600,000 
cable  yard*  of  compacted  fill*  lb*  embankment  material  will  b*  compacted  to 
•t  l***t  95  p*rc*ot  of  msIm*  density  (A81M  698)  at  about  opt  lata*  moisture 
content*  Lav**  alopos  will  not  b*  *t**p*r  than  IT  on  21. 

8.  81oo«  Fgot*ctlon:  Ba**d  on  preliminary  hydraulic  design  studies,  about  15 
inch**  of  riprap  alop*  protection  will  b*  required*  Tor  tb*  expected  floe 
vnlocltl**  of  8  fpa,  medium  bard  sandstone  cvallabl*  in  tb*  area  will  prwrlds 
adequate  alope  protection*  The  elope  protection  will  extend  below  Invert 
grad*  to  provide  ecour  protection*  the  toe  excavation  for  the  cutoff  any 
require  dewatering  depending  on  the  groundwater  level*  during  construction. 

Kx cava ted  naterlale  nay  be  stockpiled  and  need  for  the  tee  backfill 
operation*.  Compaction  nay  be  accomplished  by  controlled  wheel  loading* * 

9.  A  graded  gravel  filter  blanket  will  be  required  beneath  the  riprap*  A 
filter  blanket  6  laches  thick  should  be  adequate* 

Construction  Materials 

10.  borrow  Areas;  Sufficient  quantities  of  borrow  materials  may  be  obtained 
from  designated  borrow  areas  along  the  northern  foothills  bordering  Holbrook, 
see  Flat*  1.  borrow  site  investigations,  conducted  in  tb*  project  area,  for 
the  original  Little  Colorado  Klver  levee  project  by  tbs  Los  Angelea  District 
In  1945,  Indicate  layers  of  clayey  silt  and  silty  sand,  overlain  by  a  layer  of 
gravel  along  the  northwest  foothills.  A  similar  soil  profile  Is  expected  in 
the  designated  borrow  areas*  Hatlv*  strcaabed  materials  consisting  mainly  of 
fine  unconnected  alluvial  sends  are  unsuitable  for  use  In  construction  of  the 
levee*  Tending  further  alt*  Investigations,  materials  from  the  proposed  59* 
acre  ponding  area  east  of  the  Old  Navajo  County  Fairgrounds  may  provide 
additional  borrow  fill* 

11*  Gravel  Filter;  Gravel  of  adequate  gradation  and  quantity  will  be 
obtained  from  the  designated  borrow  arose  along  the  northern  foothills 
bordering  Holbrook* 

12.  Quarry  Stone:  Stone  for  the  elqpe  protection  can  be  obtained  from  the 
quarry  at  Feasance  elding  located  approximately  5  miles  west  of  Holbrook* 
based  on  testing  don*  by  the  Los  Angeles  District  in  December  of  1976,  the 
quarry  rock  was  found  to  be  a  medium  hard  sandstone* 
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